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Alfred Irfan Frasheri, u lind me 
20.4. 1935. ne Korge. U diplomua Inxhinier 
Gjeolog i specializuar ne gjeofizike, ne 
Universitetin e Tiranes (1961). Nje nder 
specialists e pare te gjeofizikes, qe ka 
kontribuar ne ngritjen, organizimin dhe 
zhvillimin e Gjeofizikes Shqiptare, n 1= vecanti 
te pergatitjes se specialisteve gjeofizike. 

Kandidat i shkencave (1974), docent (1982), 
doktor i shkencave (1987), profesor (1989) 
dhe “Nder i Akademise se Shkencave e 
Shqiperise (2015). Pedagog ne Universitetin e 
Tiranes dhe ate Politeknik per 46 vjet per 
lendet e specialitetit gjeofizik. Ka botuar 1 1 
tekste mesimore. Ka mbajtur i ftuar leksione 
dhe ne disa Universitete evropiane, ne U.S.A. dhe ne Kanada. Ka 
udhehequr 8 disertante. Ka eksperimentuar dhe zbatuar per here te 
pare ne Shqiperi metodat e reja gjeofizike, ka kontribuar ne zgjerimin 
e fushave te zbatimit gjeofizikes, eshte nje nder nisme taret e 

kerkimeve gjeofizike te naftes dhe te gazit ne detin Adriatik, te 
informatizimit gjeofizikes, te studimit te burimeve te energjise 
gjeotermale. Ka kryer 73 studime dhe ka drejtuar 28 projekte, nga te 
cilet 5 nderkombetare. Ka botuar 12 monografi, 22 libra, 62 artikuj 
ne periodikun shkencor shqiptar dhe 22 ne periodikun shkencor 
nderkombetar, ka referuar ne"78 ne kongrese e konferenca shkencore 
kombetare dhe ne "157 nderkombetare, si edhe 71 artikuj problemore 
ne gazetat shqiptare. Po jep nje kontribut te "gmuar per historikun e 
Frasherit si edhe per probleme ekonomike te "" Permetit.Ka botuar e 
ribotuar librin “Frasheri ne historine e Shqiperise (2007). 

Komuna Frasher i ka akorduar titullin ,Nder i Frasherit — (2011). Me 
propozim te Shoqates AK Permeti eshte dekoruar me Urdherin 
„Mjeshter i Madh“ (2012). Mban edhe Urdherin Naim Frasheri te klasit 
III (1977), medaljen e Punes (1955), si edhe me Medal of Honor 
Millenium 2000 nga American Biographical Institute. Eshte anetar 
Nderi i Bashkimit Europian te Gjeoshkencetareve dhe Inxhiniereve 
(EAGE) dhe i Shoqates Gjeofizike te Ballkanit, anetar i Shoqates se 
Gjeofizikanteve Kerkues te USA (SEG), i Shoqates Nderkombetare te 
Gjeotermise (IGA) dhe akademik i Institutit te Athines per Edukim dhe 
Kerkim (AIER). Eshte nje nga nismetaret e krijimit te Shoqates 
Gjeofizike te Shqiperise dhe i Bashkimit Shqiptar te 
Gjeoshkencetareve dhe Inxhinjereve, te cilat i ka drejtuar per shume 
vjet. Eshte anetar Nderi i Shoqates Atdhetare Kulturore 
Mbarekombetare Permeti, si edhe i Shoqates Atdhetare Kulturore 
Mbarekombetare “Vellezerit Frasheri". 



n 

& 

CO 

ffi 

& 

JO 


m: 


m 

TJ m: 

m: ^ 

73 z 

H ° 

m: 2 

Tv "P 
m: C 

73 > 


> 

73 


m: 


Z O 

m * 
73 m: 
> Z 

"" m 

> 


m 


m 


VOL 1-3 


Alfred FRASHERI 


NJE JETE “NDRIQUAM” NENTOKEN E 
ATDHEUT PER TE KERKUAR 
MINERALET 



Art* 


m- 


jj'i 




•x- 


Tf. 


p-T 


H - 
- 

W -r 


Lnl 


Jui L 

SdPt 


THROUGHPUT LIFE WE HAVE 
ENLIGHTENED HOMELAND 
UNDERGROUND FOR MINERALS 

EXPLORATION 


Patos, 5 shtator 1953 - Tirane 6 prill 2016 



Alfred FRASHERI 


NJE JETE “NDRIQUAM” NENTOKEN E 
ATDHEUT PER TE KERKUAR 
MINERALET 


Volumi 1 


THROUGHPUT LIFE WE HAVE 
ENLIGHTENED HOMELAND 
UNDERGROUND FOR 
MINERALS EXPLORATION 


Patos, 5 shtator 1953 - Tirane 6 prill 2016 



Ne kete liber jane perrzgjedhur 85 artikuj te botuar ose referuar nga 62 artikuj, te 
botuar nga A. Frasheri me 32 bashkautore, ne periodikun shkencor shqiptar dhe 
22 ne ate nderkombetar, si edhe te 78 kumtesave te mbajtur ne konferenca e 
kongrese shkencore kombetare dhe 157 nderkombetare, jashte shtetit ose ne 
Tirane. 


Editor: Alfred Frasheri 

Bashkautoret e studimeve: Alfred Frasheri, 

Kerkime gjeofizike: Ligor Lubonja, Pertef Nishani, Perparim Alikaj, 

Radium Avxhiu, Rushan Lico, Salvatore Bushati, 

Vilson Bare, 

Informatizim i Gjeofizikes : Neki Frasheri, Gudar Beqiraj, Ylli Vejsiu, 

Betim Qi<po, 

Gjeofizike irvchinierike dhe e mjedisit: Eduard Sulstarova, Niko Pano, 

Ludvig Kapllani, Foto Dhima, Burhan Canga, 

Hajri Haska, Bardhy Avdyli, Etrit Taushani, 

Fatos Hoxhaj, Marenglen Gjonaj, Rexhep Koci, 

Energjia gjeotermale : , Fiqiri Bakalli, Andonaq Londo, Anesti Qirinxhi, 
Angjelin Shtjefni, Atifete Zuna. Bashkim Cela, Entel 
Xinxo, Nevton Kodhelaj, Ramadal Alushaj, Romeo Eftimi, 
Spiro Thodhorjani. 


Pegatitur per botim: Alfred Frasheri: 


Perpunimi i imazheve satelitore: Neki Frasheri 


Te drejtat e botimit: Autori 


ISBN: 


Printuar: PRINTAL, Tirane 

Botimi Elektronik: Linku ne internet: 


? 



Xete fiBer j a perkusBtoj : 


Trincferve te mij, Irfanit cCfie Zejnepes, gruas Marika cffie femij eve Trmafit 
cffie Tcfites, ye me ecCukuan, me mesuan si cfufiet te rroj of fie punoj, me 
krijuan te gjitfia kusfitet cffie fefitesite, ye ti perkusfitofiem stucCimeve cffie 
kerkimeve gjeofizike 63 vjegarel 

Me s fiume respekt j a perkus fit oj CiBrin Sfikoffes fiffore “Maim Jr as fieri” ne 
Xorge, ye me mesoj aBc-ne cCfie me mekoi me cfasfiurine per Sfiyjperine, 
Sfikoffen e macffie tepunes cffie rinise “Tofiteknikumin 7 Mentor i”, ye krafias 
profesionit na kafiti ecffie vruffin rinor per te here punera te mira, 
Jakuftetin e Gjjeofogjise cCfie te Minierave te Universitetit ToCiteknik te 
Tiranes, ye na fiapi cfyert e cfijes se sfikencave te Jokes, ka i mesoi ato, na 
kuafifikoj cffie na fieri te afte te reafizojme kerkimet slikencore ye kerkonte 
ekonomia e vencfit! 

Li6rin, me sfiume respekt e cfasfiuri, japerkusfitoi ecffie 33 Basfikautoreve te 
82 artikujve te perzgjecCfiur per ket'e CiBer. Me readzuam cfetyrat tona se 
kisfiim kuptuar cffie vene nejete njeporosi te kofies: kerkimi sfikencor, ay me 
teper ai gjeoCogjik, kryfiet me ekipe kompfekse. 'Brezit tone, te gjysmes se 
cfyte te sfiekuCCit te XX-te, i ra cfetyra e macffie te kerkonim, te zBufonim 
pasurite miner afe ye me aye Bujari na i kafaCur natyra meme cffie ti vinim 
ne skfrutezim te ekonomise komBetare. Ter readzimin e kesaj cCetyre 
macffiore, ne Baffe te zfiviffimit ekonomik te vencfit, na u krijuan ecffie 
kusfitet tekniko-sfikencore kompfese te kofies. Me perkusfitim, me 
cfevotsfimeri cffie me sakrifica, Brezi i yne i reaCizoi me ncfer cfetyrat. 
Maftetaret, minatoret, tekniket, ingjinieret, sBkencetaret e incfustrive te 
naftes e gazit, te incfustrise minerare te Bakrit, kromit, yymyreve etj. 
zBufuan vencfBurimet cffie i cffiane ekonomise se vencfit rezerva te mecffia, te 
cifat fejuan te arrifiet nje procffiim vjetor ncfer vencfet e para per numur te 
Banoreve. 

Mjafton te permencfim se ne vitin 1984 u nxorren 1,007,000 ton miner afe 
Bakri cffie uperpunuan 12,600 ton Baker Bfister, si ecffie 960,000 ton kromite. 
Te arcffiurat mesatare nga incfustria nxjerrese e Bakrit cffie e kromit arrten 
120 mifion VSV/vit. Tretfi 20 mifion ton mineraf Bakri cffie 21 miCion ton 
kromite ka nxjerre Insustria Minerare Sfiyiptare. Trocffiimi i naftes arriti 
pikun me 2.250.000 ton ne vitin 1973. Deri ne vitin 1990, jane nxjerre 49, 5 
mifion ton nafte, rretfi 12 mifion meter kuB gas natyraf cffie 47 mifion ton 



qymyr guri. TermencCa nxjerrje e vitit 1984, sepse per fat te keg, ne 
periucCBen e tranzicionit pas vitit 1990 esBte zvogeCuar ne menyre cCrastike 
nxjerrja e naftes, e gazit cCBe e mineraCeve te cCoBisBme te ngurta. Sipas te 
cCBenave zyrtare te JJCSTAT, zvogeCimi i procCBimit te incCutrise miner are 
esfite si meposBte vijon: 88.6 ne 1994, 86.5 ne 1995, 75.8 ne 1996, 47-1 ne 1997, 
74.5 ne 1998, 35.5 ne 1999, 31.0 ne 2000, dhe 27.0 ne 2001. 

Xerkimet gjeoCogjike kane vCeresuar se Burimet mineraCe jane te afta te 
nxjerrin 31 midon ton nafte, 53 midon ton mineraCe Bakri, 40 miCion ton 
kromite, 220 miCion ton Ciekur-nikeC, 100 miCion ton nikeC, 700 miCion ton 
qymyre. Me sBume se cCyfisBi i xeBeroreve te nxjerre te Bakrit cCBe kromit, 
kerkimi gjeoCogjik i ka vCeresuar si Burime per te arcCBmen. 

Te gjitfie Brezat e gjeofizikaneve, nga me te vjeterit e cCeri tek ata qe jane 
cCipComuar vitet e funcCit, me jyasion, kemBenguCje, vuCCnet e cCisipCine, 
readzuan cCetyrat e tyre, zfiviCCuan gjeofiziken sBqiptare, dhane kontriBut te 
sCiquar ne kuacCrin e kerkimeve kompCekse gjeoCogjike-gjeofizike-gjeokimike te 
vencCBurimeve te naftes cCfte te gazit (Marinze, Xrr'ez, XaCCm-Terri, Cakran, 
MoCCaj, SAmonice, 'Divjake, JrakuCC, ToveCge, 'Durres-sCieCf etj.), te sfiume 
vencCBurimeve te Bakrit (Gjjegjan, Tugi CincCor, Xaginar, Qafe 'Bari, TaCuce, 
Lak 'RosBi, MuneCCe, GjoCaj-fNikoCiq, TaCaj-Xarme, TerCat, Behove, etj.). Tetem 
gjate vitit 1989 jane y>rojektuar 356 sBpime per verifikimin e anomaCive 
gjeofizike ne 35 oBjekte, nga te ciCet 145 zBuCuan mineraCizimin e kromit. 
StucCimet gjeofizike krafunore: gravimetrike, magnetometrike, gjeotermaCe 
kontriBuan ne stucdmin e gjeoCogjise se XCBanicCeve cCBe e Bene ate te njofiur 
tej kufinjve te vencdt. Jane Botuar cCBjetra monografi, 637 artikuj ne 
periocdkun sCikencor sliqiptar cCBe 33 ne ate ncCerkomBetar cCBe qincCra te 
tjere te referuar me sukses nga gjeofizikanet sBqiptare, neforume sBkencore 
macCBore ncCerkomBetare, cCuke u rencCitur micCis amBasacCoreve me te mire 
sBqiptare ne komunitetin ncCerkomBetar. 

XraBas zBviCCimit cCBe rritjes se incCustrive te naftes e gazit, si ecCBe asaj 
miner are, uformuan ecCBe kuacCrot e nevojme prane JakuCtetit te (gjeoCogjise 
cCBe te Minerave. Tfga cCega e gjeofizikes u pergatiten 304 inxBiniere 
gjeofizike, micCis te ciCCeve 7 profesore, 45 cCoktore sBkencasB, 1 asistent 
profesor, 9 cCrejtues kerkimi cCBe 12 mjesBtra kerkimi. Ter fat te keq, kjo cCege 
vitet e funcCit esBte mByCCur. 'EsBte injoruar fakti se pa gjeofizike, kerkimet 
gjeoCogjike ktBeBen ne niveCin e sBekuCCit te 19-te, ktBeBen si mjeket pa 
racCioskopi e racCiografi, pa skanera, vetem me stetoskopin e sBekujve te 
kaCuar. Jane mByCCur ecCBe tre ncCermarrjet e spciaCizuara tv gjeofixikes, per 
kerkimin e nafte cCBe te gazit, per stucCimin e pus eve te tBeCCe te naftes e 



gazit, si edhe per kerkimin e mineraCeve te doBishme te ngurta - Bakrit, 
kromit, etj. 


jfaCencCerime: 


Terzemersisht i shpeh mirenjohjen time te theCCe dhe faCencCerimet me te 
mira Bashkautoreve, me te ciCet readzuam kerkimin shkencor, kerne 
interpretimin e te dhenave te vrojtimeve ne terren dhe ne CaBorator, si 
edhe shkruam artikujt qe jane vendosur ne CiBer. Xa qene nje pune e 
perBashket, me mirekuptim dhe respekt shoqeror, e ciCa soCCi nje product 
skencor me v Cere per vendin dhe tv mirenjohur . 

JaCencCeroj dhe sftpreft respektin tim per drejtuesit nder vite te 
pakuCtetit te GjjeoCogjise dhe te Minierave, te Xryesise se JAkademise se 
Shkencave dhe Seksionit te Shkencave T iknike dhe te dfatyres se Xkademise, 
te Qendres se Xerkimeve (gjeofizike, Gjjeokimike dhe te Xljedisit, ‘Tirane, te 
Pfdermarrjes S izmo-(jrav ime trie ne pier dhe te Gjjeofizikes XantieraCe ne 
Tatos, per krijimin e kushteve sa me te mira dhe te pershtatshme per 
readzimin e studimeve te ndermarra Bashkarisht. 

Me veneracion kujtoj koCeget Bashkautore, shoket qe nuk jane me me ne , 
profesorin tim Ligor LuBonja dhe mandej Bashkepunetorin per tridhjete vjet, 
per dijet qe me dha, punen kerkimore te perBashket dhe respektin reciprok. 
Xujtoj studimet e perBashketa me 'Radium Xvxhiun, studentin qe me aqe 
pasionpunoi per kerkimin e Bakrit ne Tuke dhe Mirdite, Caurantin e (jmimit 
te RepuB Bikes per zBudmin e vendBurimit te Qafe Rarit. Midis tyre eshte 
edhe Xkademiku Eduard SuCstarova, si edhe Rertef dfishani. qe me aqe 
perkushtim readzonin Bashkepunimin ne kerkimin shkencor dhe formimin e 
inxhiniereve gjeofizike. 
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Prerje gjeologo-gjeofizie ne vendburimin e Qafes se Barit, Puke. 

(Sipas rilevimeve te Alfred Frasheri A (1961) dhe Radium Avxhiu (1972- 
1973. 

1- Deluvione; 2- Keratofire; 3- Spilite; 4- Sulfide te shperndara sulphides; 

5- Trup xeheror massif sulfuresh. 





Prerje gjeologo-gjeofizie ne vendburimin e kromiteve ne Vlahne 

Me rezultatet e eksperimenteve te para te metodes se potencialeve te polarizimit te 
provokuar per kerkimin e kromit (Frasheri A., Lubonja L., 1962) 
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Diagramet e karotazhit 
ne pusin Zhares 508, 

15 prill 1955, regjistruar 
nga operatori Alfred 
Frasheri. 

Diagrami me ngjyre te 
zeze- rezistenca elektrike 
specifike e shtresave, me 
ngjyre te kuqe- potenciali 
i polarizimit elektrik 
spontan 
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Ekipi i karotazhit, Patos 1955. 



Operatori karotazhit Hamdi Bejtja 



Gjeologu Adem Cani 



Ingjinier gjeolog Tomi Kristo, Fier 1974 

Tekniket Hamdi Bejtja, Tomi Kristo, Alfred 
Frasheri, Pator 1955 
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Patosi i siperm, 3 prill 2016 



Alfred Frasheri 

Ne pusin Marine 542, pas 58 vjeteve 
nga dita kur regjistroi diagramin 
paraprak tv karotazhit. 


Pas gjysem shekulli, Tekniket e vjeter, 
ingjiniere, qe punuan per shpimin, studimin 
dhe nxjerrjen e naftes nga pusi Marinze 542 
qe fontanoi ne vitin 1957, u ftuan nga 
kompania e naftes Bankers per te vizituar 
Marinzen dhe Pusin e mirenjohur. 
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Nje leksion i hapur i Prof. Dr. Alfred Frasherit ne Fakultetin e Gjeologjise dhe te 
Minierave, 2008, si edhe student te deges se gjeofizikes ne praktiken ne terren. 
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Katedra e Gjeofizikes, Fakulteti i Gjeologjise dhe i Minierae, ne vitet 70-te 
Nga e majta ne te djathte: Rushan Lico, Pertef Nishani, Ligor Lubonja (Pergjegjvsi i 

Katedres, Alfred Frasheri. 
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ANA LIZA E PROCESEVE FIZ’KO-KIM IKE qE KRIJOJIME FUSHfcN 
ELEKTRIKE NATYRALE NE RAJONET E MlRDTTES DHE KUKES! 

ALFRED FRA SHERI 

KatetJja e Vend, fay rime ve cihe n t to cave tif kfrkimlt. 

Metoda e potencialit te fushfc elektrike natyrale efhte nje nga m< 
difikimet baze, qe perdoret ng vendin tone per kcrkimin dhe kontur. 

min e zouave dhe trupave xcherore sulfide te bakerit te mbuluar ng 

dehivionet 

Ne rajonet e Mirdites dhe Kukesit jane fiksuar nje sere anomajis 
te potencLaiit neg&tiv te fashes elek trike natyrale. Duke u bazuar n 
analizen e materiaiit gjeofizik dhe ne rezultatin e punimeve mineral 
te hapuia per verilikimin e tyre, keto anomali ne baze te na tyres s 
tyre i klasifikojme si me poshte: 

1. Anomali te cilat lidhen me mineral i zimin sulfid. 

2. Anomali te cilat lidhen me proceset e difuzion-actsorbimit dh 

filtrimit: 

a. J Anomali qe lidhen kryesisht me- proceset e difuzion-adbimit n 
gelqeroret . 

b. ) Anomali qe lidhen me proceset e filtrimit dhe difuzion-adsorbi 
mft ne prishjet tektonike. 

3. Anomali qe kondicionohen nga relievi, anomali te fushes elektri 
ke natyrale, qe ndryshojne me kohen. 

1. Anomali qe lidhen rue minera Mzlniln sulfid, 

Anomali te till a fiksohen mbi zonat e mineralizimit sulfid, qe da 
lin ne siperfaqe ose jane te mbuluara nga deluvionet (fig, 1, 2 , 3, 4, 5, 6 
7) dhe kane konfiguraeion, potential dhe gradient te potencialit te fu 
shes elek trike natyrale te ndryshem. 

Duke analizuar te dhenat e zbulimit gjeollogjik, studimet minera 
grafike dhe miner&logjike, vihet re se parametral e me siperm kondi- 
cionohen nga forma gieometrike e zones dhe trupave xeheroi’e,, pozi- 
cioni, perberja mineralogjike dhe struktura e trupijt xeheror, gradient 
i vetive oksido-reduktuese se ambjentit jonik, qe rrethon trupin xehe- 
ror ne kufijt e tij, nga garshmeria e shtoembijve anesore dhe formes si 
reiievit. 

Meg ji the ndryshimet e medha. te faktoreve qe permendem me sl- 
per, anomalite e potencialit te flushes elektrike natyrale mbi keto zone 
Undin si rezultat i disa pmeeseve, te cilat ne pergjithsi jane te ngjajshmi 
per to gjitha zonat: 

a. Proccset oksido-reduktuese, 

b. Froccsi i adsorb im it 

c. Procesi i fiitradomt. 
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Vlen ti? theksohet qe ne filling se koto proeese zhvlllohen ne shka- 
Uf? te ndryshme ne objekte Vt ndryshme: 

Ne fig, I jepet imornalia <? po- 
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leneialit It* rushes elektrike na- 
lyrale mbi nje wne me miners- 
lizim sulfid. Mineralizimi n?i 
keite zoni: perfaqijsohet nga da- 
mare kuard dhe Mori Leah me 
p&rmbajtje te konsidemeshine 
ti l sulfideve fit fcwitien e dama- 
rSve te piri Lit baker nibajtes 
dhe kalkopirilit. Si shkembij 
anesore jane kuarc dioritet, Me 
vend-burim takuhen shume ceo- 
litet. te cilet karts filluar te 
sbndrohen rse prenit dhe ne 
shkalle shume te vogel ne kao- 
line. Prnceset fizike ne sektore 
te ndryshem, jane zhvilluar me 
intensivitet te ndryshem. 

ket£ zone, nE pjesen e si- 
ponme takohen hidroksi.de te 
hekurit, fcryesisht limonit (par 
theksojme se nuk eshte zhvillu- 
ar ne menyre te plote kapella 
e hekurit) m'e p&shte takohel 
hematit. Nc sasi shumg Le vogSl 
vihen re sulfide sekondane, 
kryesisht kalkozine. 

Reaksionet e oksidimit ne kc- 
te zone zhvillohen inter Si viaht, 
si rezultat i ekzistences sul- 
fide ve te hekurit dhe bakrit ne 


Fie. I konlakt e bashkerisht me nje- 

ri tjetrin. Por me qene se piriti 
ka potencial {ndaj nje te- 
ll takri) -1-0.18 volt dhe kalkopirti ka potencial + 018 <UQ 

volt sW shkalles se Goltshllok dhe Bjuglcr f.m. e zhvilluar kur dy 
sulfidet ndodhen ne solucioit, teuton te shpejtoje oksidiimn dhe tretjen 
e sulfid it me potencial me te vogel d.m.th, te piritit dhe vonojne oksi- 
dimin e kdkoparitit. m kete menyre, ne rastin tosnS, oksidohet meshpejl 
piriti Kete fenomen e ndihmon edhe sasia mh e madhe e piritit, ne 
trupin xeheror. Reaksionet dhe rruga c oksidimit jane to njellojta sr 
edbe per te gjitha vcild-burimet sulfide (1,3,4,5,11,12), por per ob- 
jc-ktin e d Heine rolin kryeSOT e luajne kationet e hekurit. Kationet e ba- 
krit luajne nje rol te dori* sc dyte. Kete gje e verteton edhe fakti, qe 
sulfidet sekondare te bakrit takohen sbume pa-k, d.m.th. sulfati i ba- 
krit ka vepruar ne shkallt; me te vogel mbi kalkppiritdn, se« sulfati i 

hekurit mbi piritin. 
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PEr objektin e fig, 1 rend&i te madhe, he Icrijlmm e lushes 
trike natyrale. Luan edhc process i adsocrbimit. , 

Rolin kryesor ne het£ p roues e luajne ceolitet, kural^mtikc 
cairUj e te cilave eshte tehtSSia me te cjlen ndodh shkemblixu t 
katicncve, qe ckuilibrojne ngarkesen negative te ^arkases se 
krjstalin dhe kationeve ne sblueionm ujor, qe ndodhet ptt iret 
miee tieter e fiksimit te bakerit ne pjesen e siperme te zones 
sidimit Sshte edhc adsorbing i tij nga lendet e shumta me dispat 
lartG si limotitet, kaolini elj. te diet gjithaahtu tentojnB te largo. 

tionin e Cu nga solucioni. , , , * 

Ke kiite inenyrS kationi i bakrit duke u fidsorbuar nga kota 
rale, form on rreth tyre nje dpt' to dyfisht*? elektr ike, pjesa c 
e se dies eshte ngarkuar negativisht. , . . 

Ne keto objektc eshte Vdne re gjithashtu edhe ekzistenea c 
te holla le sulfideve sekondare meth kriataleve te kalkopiritvt, r 
tragon mbl adsorbimin ne menyre zgjcdhcfie te kaliomeve IS bake 
kalkrpiriti dhe krijimin e eipave te dyfishta elektnke. Nd zoner 
sidimit krijohet gjithashtu cipe e dyfisfatS elektnke edhe fii re 
adsorbimit ne menyri* zgjedhese te katiomeve te bekurlt nga pir 
Te gjitha keto cipa te dyfishta elek trike intensifikojne am. 
e potencinlit te fushes elcktrike, 

Proccaet e lilt rim it lozin gjithashtu nje ml te madh ne 
fig. 1. Ekiistcnua e ccoliteve no objekt ndron deri diku hgjesi 
e 'oergiitheshme, qe rryma elek trike leviz ne drejtim le kundert i 
sin o levizjcs se ujit qe nitron. Duke qone se ceolitet adsorbojne k 
ujrat do te transportojnS me teper anlwiet, pra pjeset e siperme 
kene pctendal me te lartc se pjeset e posbteme, keshtu rr>ma e 
do te levize ne te njdjtin drejtim me rrjedhjen e ujit Kjo gje ka 
tuar zvogelimin e amplitudes se anom&lise se potencialit te lush 

. trike natyrale. , . . .. . 

Bashkfeia e tS gjithc kelyre prooeseve ka shka^tuar, qe m L 
minerale ne objelitin e fig- 1 te linde fushe elektrfke natyrale e 
me Potenciali i saj ne epiqendren e anomalise arrin ne 160 n 
se era client i varion nga 0,5 f- 25 mv/m. Per te krijuar nje anoi 
qe intensive ka influencuar edhe fakti qe xcherori paraqitet ■ n 
sirnc t& dendura deri ne mfisiv, pra ka percjellshmeri elektrike 
te Rezistccnca eleklrike specif ike e trupit xeheror eriite melh 0, 
ndtkaa raporti ne mea rezistences elektrike spedfike te xehcr 
ambientit rrethuess (kuairc dioritc) eshte rrOth 1.1 x 10-3 on 
Anomali intensive e fushfea elektrike natyrale eahte fik&uai' 
objektin e treguar ne fig. 2. Ky cbjdct ndryshon rr€n]feisht ngs 
i me siperme. Zona mine rale e objektit lidhet me shkembijte 
qe rrethohen shiate argji lore-si licore- Xeherori perbehot l 
' nga piriti dlie kalkopMti dhe eshto i tipit me pikazime te dend 
ne miisiv. r I a k hon edhe piktizime mesatare. . 

Shk&nbijie efuzive janii kry«*isht te kuarcizuar, ldontou 
dtizuar dho 1 i izuar. Zona minerale afar sjperfyqes eshtc i 
' por okaidimi ne pjesS tc ndryslime Etfihle ne faza te ndryshme. 
Jgn c aipOrme zona e^htg nft faz&n perfundimtare, nc shume acl 
■ thellfi vihet re faza mesatare dhe fillestare. m pjesen e sipen 
hen sulfide sekondare te pcrfaqhsuara nga kovelina dhe kalko: 
perqindje tl- kunsiaerueshme. 

" ’Pra praoesel e oWidimit jane zhvilluar me intensive 
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Ne pergjithesi ruhet sk$ni.i e pergjilhshme me ndryshjm, qg solucionct 
jane me acide dhe se sulfati i bakrit vepron mbi kulkopiritin dhe for- 
mohet edhe koveline; 


O PeSa 4 Q 1 SO 4 = 2Ci * S. CuS -f F SO* 




pm b atari reduktohet. { 12 " 
Keshlw pcrvep kationeve 
to liekurit, ne krijt mln e 
fushijs elektrike natyrale 
ne kete objekt, luajne nje 
rol me rcndesi edhe katio- 
net e bakerit 

Cipat e dyfishta olek- 
trike ne kete rast kcmdi- 
Cionohen kryesishtnga ab- 
sordimi i katiomeve te ba- 
kerit nga limonili dhe kao~ 
lini. 

Ne kete objekt, prooesi 
i liitnmit imtuencon per 
zmadhimin e potencialit te 
lushes eiektnke natyrale. 
Anomalia mbi kete zone 
minerale ka potencial de- 
ri — 280 mv. dhe gradient 
potential 0,5 -r- ^4 mv/m, 
Edhe ne kete rast trupi 
xeheror ka pei'ejeiLshmeri 
elektrike te larte. Rezis- 
tenca elek trike spec it ike 
eshte 0,3 

Ne objektet e trcguara 
ne fig* 3,4 poienciali i Tu- 
shes eiektnke natyrale 
eshte gjithashtu i madh* 
Ne objektin e fig. 3 tmpal 
xehcrore lidhen me shke- 
mbijie ef ukive (Porfirile, 
keralofire dhe porfire 
kUiircore) te ndry shuar ne 
rrugen hidrotermale. Xe- 
herorimi sulfid perfaqao- 
het nga pik&ume, foie, damare piritl dhe kalkopiriti, Ne shkembijle, krahas 
xeherorit, p&mbahet edhe helmatlt e manjetit Ne zorien e oksidimit takt>* 
hen sulfide eekondare td ptlrfaqsuana nga kalkozina, kovelina, takohet 
gjithashtu baker nativ } kupril, mallahit, azurit dhe hidrokside hekuri. 
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Fig- 2 


5Sono e oksidimit c-shte zhvilluar shume dhe hyn disa dhjetra metro nii 
thell&si. Sic riuket ne fig. 3 potrnciall rue kete anomali arc-in ni'-205 mv. 

Ne objektet e treguara ne fig. 2 dhe fig. 3, ng rritjen e potencialit 
negativ ka iaflueneuar shumii edhe prezenca <- manjetit- 

Dcri ne -225 mv. arrin potenciali objektin 0 fig, 4, ne te cilin tru- 
pi xeherur p&iaq&ohet nga brekfe xeherore-diahazike qe piirbehet 
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nya cop* me madhesi ^ n ^pSi Zorn e okaidimit ifehte 

rSitoin Mtot rrcth 60-70 m. Minuet •* 

zhviUuai' intend vis- ^ t . pgrfac^ohen toyesfeht nga Novell ^ 

‘-teJreafiSE &. ie mci!J i.h^n S jj__k ! t«ob i j^ ( | 



S^ESi-15 **> "* 

“ "iSS.h^ 

J* ll£t lie „ ralta (tig- 5,6). Kjo Be slikaktohct pu 


nga pike?-) me mesatafe 
titO arsye: 



i * » "1 ***** 


Pig- 5 


1 Ne koto zona mine rale, 
prooeset e oksidimit zhvillohen 
me intensivitet te vogeV mba- 
; ;.i pike/,imet e sullideve nuK 
lakojne njera tjelrreo. 

2. Ne mtensivitetin e okwicn- 
mit influence. jne edbe faktCtf* 
le tjerc fizikii dhe kimike, te 
cil^t influencojne ne cJssidimin, 
vetem per vendburimin e dhe- 
ne ose nje pjese te tij. Ne keta 
faktore do patur parasysh: ka- 
l-aktcri i trupit xeheror (p&rber- 
ja mincrale, ve^oritii struktu- 
rale dhe teksturale), konditat e 
sthrirjes dbe karakleri n*K~ 
mix-jve an&oro. ( '°™ a 


moe.ive ----- ' .*■ 

e tij 4ho »* rfUki w* f»MP drtitujf 'Srt'e 13-40 m._ 

3 3. Trupi ka rrriri««* ? ' 'S k **• ri»«b he f 

^sri: *£*& . *«. jgg-; sssrjat 

Ta™%0 ifS? ‘xet»U“iW?po qe pdodhep « *• dh ^ 

** . k*»j rii.n-.lv. Mhri . 

teri.tll, qc l* ■**»»» ^S^u^imtare, poMMlrtl n# <*t*Z 

sa e siperme e saj eahte ^f^Keheror i sumdeve primanc (qe 
faoen * Wa zvofilohet, mbasi *"gJJga^ ne theUefti t» koTiside- 
karw p&rdjeUabmen cfek kur zona e oksidimtt eshtS e zhvir 
rueshme. Fo k eabtu itvrale do te jetv jo intensive- Por v 

Ih:nr **'. ^ ( SE&ttse ne znnat e miner^ 

te theksohet se 3? ® lt SiSdi 1 Se oks idusse-rtduktuese ne kofi- 
llrimit sulfil ■ •• :r ltn V m S,a oi potenca a vogSl e zones ae 

rin e tnjpit Rhetor ^ elSSke natyrale ne dperf*- 

oeri e tokc- ( 1 ) (‘^ 8 ’ itm*nativ£s si? me sipSnne duhet tij kry en 

T m ft.gE? g “ ««*“■» “ ltombmuara 

p\mime plotesue^e 
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dontuar leion kryer'ene tyre) 
(qe jo gjitheiVjS rellevi i Etkst 
studiohet hopi i pob^dalit ni 
kulirin o tmpit xeheror dbe 
oksido-redtibtues i ujrave nen- 
tokesorfl 
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m lidhje me W-tt fehte shumi* e nevojshme ^ 

JSSiSi, per te dial U be fjalS me lart, por per edhe per — 
terpretimit t£ punimeve fushore- 

2, Anainali qe Jidtert me pr oce&et e difuzion-adsorbamt dhv 

ti ftTTWlf 


Mu . Mirditto dho ti KuJtealt Jaaft «»» «dte nji 

arom”ush jo xohMOTe. oi When «“ **£**■“*" ♦ #**«*«* «" 

tr rSewt anomalia e fikstiar mbi gelqereret e Tnadt t 
perme. Ke'meiUojmS so Somalia mund te lidhet me pro*®.* - 

9 _ Butoin Univ. Silt, - S. Sh^ncnl Natyrorq HI. 
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zioiv-adsorbimit. Duke qene se gSlqeror&t e Trias it te sipdmic jane te 
pastor (pa material a^jjiior), ne te zhvillohet intensivisht fusba elektri- 
ke natyrale. si re/nllal i krijimit te cipave to dyfishta elektrike, tie 
ngarkuara nga an# e jasbteme nogativisht. Keto cipa krijohen mbasi 
gelqeroret adsorbcjnc kationot e kalgiumit dhe Tie solution mbeten anio- 
net e CO;;, Ne rastin e objektit te fig. 7 infiuencojne edhe potentialet e 
fiitrimit h 1i ujrave neper gelqcroret e Tr3 ; qi* jane shume te care dhe 
kavcmoze, Kjo gje doku ffl&ntohst me matjet c kryera. no te njejtin ob- 
]< kt. no vi tin I9b0 dUn- 1961. Nts fir{, 7 tregohct sc ne prof il in ] 1, poten- 
tial! i fushcs elek trike natyrale ezhte zvogluar gati dy herd, n«? vitin 
10 HI, ri“ krahasiin me vitin 1960. 

Ky zvoglim mtensiv i pntendalit tregon se niveli i ujit nbntokesor 
ka qene i ndrysh&n gjate viteve l£KS0-dhc 1961* po keshtu ka ndry&huar 
edhe intensivitett i fiitrimit te ujrave. Zvogelimi j potcnclftlit tregon se 
niveli i ujrave ne vitin J951 ka qene mi; lart so no vitin I960. Kete kon- 
kluzion e verteton edhe fakti qe ndsir&a ne vitin i960 matjet jane kiyer 
lie muajin Gusht, ne vitin 1961 u kryen ne Maj. 

Kompiikohet shum£ problem! per zgjidhjer. c nje aneshmo e dety- 
res, kur pSrveg natyres serai: siptirme td fushea elek trike natyrale mbi 

gelqerorct, ka te dhena fa- 
vorizonjese te mendohet so 
ne diabazat, qfi shtrihen non 
gelqeroret, mund te takohet 
tmp xehcroi*. P£r tc zgji- 
dhur kete problem, duhen 
gpuar pa tjeter puse. 

Po vlen te theksohel se 
potenciali negativ intensiv i 
'files uar mbi gelqerorot rvuk 
tregon gjithnje se ata jane te 
cave dhe kavcmoze. Prczcn- 
ca e potendalit negativ tre- 
gen ne rad he te pare ekzis- 
!enren e gelqeroreve te pas- 
ter {pa material arcrlilor) se- 
sa geloci’Oveve t.e shkatrruar. 
Per te vertetuar qamhmbri- 
ne e golqerorcvo duhen kry- 
er matie n6 kohe te ndry sh- 
ine. kur tit veil i uirave ner- 
tektorr* ndron, ura mund te 
fik^.obet potencial i krijuar 
pgr etelct to. fiitrimit. 

b) Anomali qp. Hdfien. me 
proceset a filtrimtt dhe difu- 
3!Oft“ffldsorbimit. Tfi t ill a an o- 

mali \*"plien itfiithemnne mbi 
zonat tektonikisht Ife slika- 
termani. fik Nl 1 * 1 tc 

rare ketp anomali IjHb^ 
potencialet, qe lindin ne proceset e fiitrimit te ujrave neper zon&n e 
shkatrmar. 
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Eshte karak tens (.ike Fiksimi i anomalive intensive edhe mbi sh: 
rnbijte ultrabaiike. We zomen c shkatmiar te lig. EJ takohen .br<sKk sei-pw 
tinitesh. 

Mendojmd qe pdrvee proceseve te filtrimit dhe difuzion-absorbin 
ne keto raste luan nje red me rendeni edhe prtrzenca e manjetitit sekt 
bar, j fonnuar giate prooe. it tc aerpentiniziirsit e mtersktdin masen 
shkembit, mo nie sori darnariesh te bolls, Ne ketd menyr'e shkerabi m 
pdncjellshrndri eloklrike te lai'isc?,, edhe- kur pftrmbajtja e manjetitit i«i 
relativisht e vogel (4). 

Ne keto raste fusba elektrike natyrale do to TincTb si rezult&t i I 
pit te potencialit ne kufirin e percjensit elektronik me ambjentin, i t 
ka pSrcjeUshm&ri jonike. Eshte karakteristike, qe kb to anomali shoqb 
hen edhe me fushd rn&njetike intensive. Kushtu ne projcktin e fig. 
fiksohet anomali e komponentit vodjkal te fushes manjetike me amp 
tude ireth SOO gama. Te till a anomali jar.e fiksuar edhe ne raj one t 
Rubik ut. dhe te Ui^es. 

C — An^mali qe kandi- 
eintiO/teti ngu relievi , = (fig. 

9). Nga punirnet e vi~ 
teve te ndryshem fehte 
vend re se ne pjeset e agri- 
tura te relievit fiksohen an li- 
ma Ii negative te potentials 
ne fushen elektrike natyrale, 
am flit. ud ? e te cil&ve artin 
deri ne-250 mv, ose pgr nje 
disnivel 4F (1-500 m. fiksohe’ 
nje gradient potential! 250 
nv/km. Keto anomali lidher 
me fushen e filtracionii qe 
verehet gjithnje ne raj one t 
malore dhe ne luginat e lu- 
mejve e prcnjeve. Keto fu- 
dia jane intensive ne vendct 
ku takohen dcluvione dhe 
aluvione. 

3, Anonuik, te fushes elektrike ncttyrale qe naryshtijne me kohPii. 

Gjatt? punimeve fushore, shpesh herd veme re so fusha elektril 
natyrale ndryshon me kohen, No rajonet ku deluvionet nuk i kaloji 
0.5 m. nc shpat^t e maleve tS gveehur, ne ditet e nxehta, kur temper 
Tura nga mdngjezi dreke ndryshon shumd, eshte vend re mospe 
puthja e matjeve kryesore te kryera ne mengjez dhe matjeve te koi 
trollit ne m-es elite, ose vrojtimeve td ki-yera per lidhjen ditore te pro! 
leve. 

Ky ndiyshim i fukhes elektrike natyrale zakonisht, shkon ne n 
drejfirn, por ne pika te ndryshmc ka intensivitet te ndryshem, i ci 
vanon nga 5-20 mv. Eshte vend re se afondi i potenciailt negativ 
vi’ojtur ne mengjea-bdhet pozitiv ne kohen t* mesdit&s. Ky ndryshim I 
dhet me oshilimet a temperatures dhe si rczultat i kesaj me ndrysh 
min e levizjffii sg u jit nd kapjlaret e shkdmbejve ne sipdrfaqen o toki 
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fl-2 irt e siperme). Vlen te thetaohet se ky ndi^shim nuk duhet te U- 
dhet ne asnj& meriyne me jnosperputhjen e matjeve te kontrollit, te 

ra si rezultat i puncft pa kujdes se operators. 

Ne mfcnyre qe ky ndryshim i potenralit te mo s mflucxicoje ne lidh- 
ien e WditJhme, diet, qe lidhja ne profilin e meparshfim te kryhet 
ne po ate ore, toir fl*» vrojtur profih nje dtte « 

- “bs sasaffl Mas sSafr 

® sme V , . -V ^ me minevailzun suifid potuaetalik (Uk- 

elektrike natyrale, mbi n]u pike n l H e pik ^ mmeraiizi- 

10)- mi perlaqSOftet nga xeherare 

masive piriti, kalkopinti, sfa- 
lerili, galeniti dhe lies he t me 
diabfizet. JNe objekt nuk ta- 
kohen sulfide sekondare dhe 
hidrokside hekuri. Per me 
toper, ne siperfaqe takohet 
staler it ti paodryshuar* Kjo 
tregon se zona e oksidiin.it 
nuk eshtt - zlwllusr fare. 
Mendojme se kjd lidhet me 
f aktin qti shpejtesia e ofeidi- 
mit eshte me e vogel se 
shpejtesia e erodtaiitj i cili 
iidihmobet rig a relie vi i Pi e " 
ret dhe qarkuUirru 1 shpejte 
i ujrave- 

Megjlthiese zona e oksidi- 
mit mungon, ne vitin 1061 u 
fiksua anomali negative e 
potencialit te fushEs elck- 
riike natyralc me amplitu* 
dE 36 mv. 

Anon. ali a eky.iston 5i rfr- 
zultat i gradient it oksido- 
reduktues ne kufirin e tru- 
pit xehemr, i pmoeseve te 

difuKion-absordimit dhe fil- 
trimit. 

MegjittiS&e trupi xeheror 
■Eshte masiv, intensiviteti i 
mrartalteE eshtd i vogel. 
Ky fakt round te shpjegoJw* 
nf*a dv arosye' 

a) Dimmsic.net e tmpit round te jen© te voglfl^ bakri) — 0,2- 

M ^ 
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resi n£ soludone p.sh, anglezitm, i cili £shte produkt i pa**e i okSK 
mit te galenitit, qe ne prezetioS te Ca<llCOj) 2 ose C0 2 , te cil^i ndodh* 
solucion mbasi nje pjese e ujrave nentoksorc, ne objefct, kalojne n 
rflqeroret e Kicdes, gi^duaUsht zev^xdesobd; nga omisiti, qe g; 
thaslitu eshtfi i palreteshem ne soludon. Keto sulfate dbc karbonate 
veshin kristalin e galenitit me nje o i p<> te patteteslimc dbe me percje 


* 

§ 

S; 

1- 

$ 


t 

■s 

1 

■■ 

N 

r> 

& 

■k 

51 


* 

■*», 

S 

i 


* 

1 1 



* lr JO 


u/f/ r 

KLs U 




12 


37 


jjhmeri elektrike te keqe(4). Ne keU? mSnyre veshtirsohet prooesi i ok- 
aidtmit te mctcjshem dhe takimi i soluctaneve ©ksiduea ne kufirin e 
pcrcjelli'Sit, dhe keshtu i jepet ne pergjithesi trupit xeheror pcrcjollshme- 
ri e keqe elek trike. Kjo g.je shkakton zvoglimin e potencMit, ne pjcsdt e 
trupit te pasura me galenit, 

’ Tor vt«n Uj thdsusohet se objekti ndodhet ne fiilimin e studimit to 
tij, P ra koto konkhtziohe paraprake mbfeahteten ne ato pak te dliena jo 
te" plots, qe kemi deri tank Ne te ardhmcn kur te merrert te dhona me 
te plo-tai keto konkluzione do t# p resize hen. 

Po keshtu sfaleriti, si mineral me percjelkshmeri te keqe cleklrike, 

influcncon ne iiljcll 6 intensitetit te anomalise (4), 

Mbasi u ki yen pummel gjeofizike no vitin 1U61, ne objekt u hap nje 
galeri. Mbas hapjes sc galcrise> ne vitin 1SH32 {shih fig. 10) u kryen per- 
si^ri punixne el€kii onittrike. Mbi Pi L . 1 i cili kaion penmbi trupui 3S™swi 
u fiksua nje anomali e vogel positive (potcndall +4 mv.). Ky ndryshim 
i lushes elektrike natyrale me kohen, mendojme so lidhet me dy ftkie: 

1) Si re&ultat i hupjes se galerise u formua hinka. e depi'&jiomt, kti- 
shtu qe tashme oksidohet me intensivisht pjesa mb o thelle e trupit xe- 
heror t rulers a ne pjesdn e sipdime trupi xeheror oksidohet shume nga- 
dale. K.jfj gie shkakton zvogelimin e anomaliee, . 

2 ) Ulja e nivelit te ujrave nentoksore sjeil rritjen e kcmcentnmit to 
ioneve nb pjesiin e sipermo dhe zvoglimin e kohoentrimit ne pjeset e 
poshteme. Potential! i difuzionit, i krijuar nt kete rest, do ie shkakteje 
qe an omaha e dobesuar te marr& ahenje negative. 

Vlen te theksohet se raste te tilla vihen re jo veti-m afer mimerave 
dhe galerive, por edbe ne sektoret ku ndrron baza e errozionit. . I ran- 
daj ; ne pun i met fushore duhen analizuar me kujdes te gjitha anomahts, 
si negative ashtu edhc positive. 

No I’ajonet e Mirdites dhe te Kukesit eshle vene :rc gjithashtu ekzis- 
tenca e nytnavc lelui’ike, Keto nyma vcifehen zakoni^ht kur distanca 
midis etektrodave M N eshte mii e modhe so 500m, Ne kohet kur keto 
rrvino jarse te pa rendiisishme, kany pot en dal rreth 0,6 inv. (Fig. 11 \ por 
ne ore tiy caktuara ato behen shume intensive. Poteneiali i tyre a; r n da- 
rt ne 5 mv. (ug. 12) me frciiuouce rreth 5 poriudha ne minute, Kur ato 
jane shume intensive, potencioli i tyre i kalon te 10 mv, Sit; shikohet, 
ng keto ruate. potendali i fu shave telurike e kalon pre^izionin e matj-ve 
fushcjre pra ul sakt&ine e punimeve dhc veshtiri^on vroj timet fushore. 

Kc keto raste nuk mund te punohet me linja MN me to mbdha se 
500 m, Por duke punuur me linja te vogla, uleft I'taidimenti dhe shtohen 
vrojliruct i>er lidhjcn o planshetave. 

Eshte vdne re qe rrymat telurike nuk mtensifikohen vetem diten 
por edhe nateti, Kbshtu ne rajonin e Li sit, Kolonjes etj. jane vrejtur 
lush a telurike me potential deri 5-6 mv, edhe naten, ne oret 2-3, Ne 
mendojme se intensifikime tii tilla lidhen me furtunat manjetike. 

Prandaj, no objektet me siperfaqe te medha, kur kryhet rilevimi 
ne shkallen 1 : 10,000 te filohet eksperimentimi dhe pastaj tb kalohet 
no punime piodh.niiare me - modifikimin e gradientit te potencialit te 
fushes elek trike natyiale, Rczultatet e marra gjale vrojtimeve me po- 
tendatin dhe grad Jen tin e potencialit te fushes elektrike ne vitin 1902. 
(fig. 13 ). sig pritcj ishin te mira dhe saktesia c kolij modifikimi do te 
rrite precizionin e matjes, do te ule koston e pun i move ne menvre te 
ndjeshme dhe, (si rezultat i s.hkurtimit brigades se punes, mos 
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p&rdorimit te telave mg gjatiisl tfe mad he), do te rrite rendi merit in nS 
Nc keic artikull l) eshte pcrdorur plotesisht material! i pun 
gjeofizike me metoden e fushes elektrike riAtyrale (3.5,10), ne krj 
e te cilave autori ka niarre pjesS dirckte. 
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It 4 h u m * 

ANALYSE DES PROCiSS PHYSICO-CHTMIQUES CRF,A NT LE CHAMP ELEC- 
THIQUE NATURAL DANS LA MIRD1TA ET KVRES 

La method e du champ Clectrlquc nature! cat, & tout ce jour, une des modifies- 
UojLs qui a trouv4 un large usage cn Albania dans las recherche at b traci das 
contours des curies ct des corps imneraires du suLfste tie cuivre reconvert pas les 
d4lLLVJ0I&. 

Dane certains ArrondisEcmanta on a fSx<i une s4rle d'anomalies du champ Slec- 
irique nature!. Cess anomalies, lauteur ks classify sur La baso da ieur n&turt, 
eomme suit: f 

ij Anomalies duos a la mineralisation des su Hites; 

2j Anomalies dues notiurment aus proces de La dLHusion-adgorbtion ot d« 
iiitrngo; 

a) anomalies dues notamment aus: pnxte do dl^t^lon-adsorptlon chez ies 
calealres,. 

b) Anomalies dues aux proces de fiitrage et de la diffusion-adsorption 
dans lea c assures techloivi<iues, 

J) Anon^iits conditionnees du raliof, anomalies du champ eiectrique nature^ 
variant avec le temps, 

Diuls les cas vti ranomalie du champ 41&ctrique naturel, duns la quasi-to|a]it4 
des ob jets de travail outre les reactions d h o x y do- r£du o t ion , in flue in divers 6chck*ns 
j &3 poets do diffusion -54sorpUon ct de mirage, 

Dans les objets, on les roehes Lateral® renferment de* mlnSraux do on 

tmn$pque leur influence sur iMiHeTusitg do* anofnajies- Ces mmfcraux, agissant on. 
fillies fttcrokfiies. influent sensiblement sur las procts cte diffuston-ad^orptloifi *t 
dc filtr&ge. 

Dans certains eas on a fix4 des anomalies du champ elect rique nature! sur 
les rooties ullrabasiquos, comme suite du magnetite centemi m cites, 

Dans d-es objets parileu tiers on a flx4 le champ 4lectrlqne nalurel variant 
aver lo temps, Cette variation est duo k cell© du niveau des eaux souternainw* 
it I'infJuence des travayx min^raires f formation d'entonnoi’-a do depress Lon ) t j ha 
concentration vartee des solutions autour du corps mirtfraire. 

L p autaur «st de Pa vis q ue sur les corps minfTnires polymttaUiciucE renfer- 
mant do la ^al^nite et fie la blende, n J ont pas !l!ou des reactions pbyEico-chimJ- 
ques qui cr^nt des anomalies positives. 

Nombr<j d’anOiTLalios soul du-ts aux proc&s dc dLCfuSiOtl^jdsdrhtlon ot de £U- 
trage. 

Lii m4thode du chiimp tetridU^ natural n'a p^s -donnG des solutions unila- 
ir-ralcs du pi^bh'-me, Toutefois p cettc methode doit clre cmploy6e h cn concor- 
dance a vac its autre* m4thode& d’tk^ctrom^trie, aussi daiits l'avonir p pour les rcc- 
deg aonci intn^r^T'a: rccouverics par les deluvions. 
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STUDIME GJEOLOGJIKE, vol. Ill, Tirane 1966 
Botim i Fakultetit te Gjeologjise dhe Minierave 

APLIKIMI I METODAVE TE REJA GJEOFIZIKE PER KERKIMIN E KROMITEVE 

NE PJESEN VERIORE TE SHQIPERISE 

Ligor Lubonja - Alfred Frasheri 
Katedra e vendburimeve 


Per kerkimin e trupave qorre te kromiteve ne vendin tone, jane krye gjate viteve 
1957/59 punime magnetometrike dhe gravimetrike, rezultatet e te clave ne 
pergjithsi kane qene negative. Keto punime u kryen nga ekspedita e Komitetit 
Shteteror te Gjeologjise. 

Duke patur parasysh detyrat e dites ne kerkimin e kromiteve, ne vitin 1962 u 
perdor perseri metoda e magnetometrise dhe u eksperimentua per here te pare 
metoda e re e polarizimit te provokuar. Keto punime u kryen nga ekspedita 
gjeofizike e Ndermarrjes Gjelogo-Topografike ne bashkepjunim me Laboratorin e 
Gjeofizikes ne Universitetin Shteteror te Tiranes. 

Ne kete artikull jepet analiza e punimeve te viteve 1957/59 dhe rezulatet e 
punimeve te vitit 1962. 

1. NDERTIMI GJEOLOGO-PETROGRAFIK I TRUPAVE DHE ZONAVE 

MINERALE 

Shkembinjte qe ndertojne vendburimet e kromiteve, perfaqesohen nga nje kmpleks 
intruziv i shkembinjve ultrabazike. Dunitet jane shkembinjte kryesore qe 
permbajne kromitin dhe takohen ne forme vegimesh ne masen e peridotiteve. 

Kontakti i duniteve me serpentinitet aperidotit ne pergjithesi eshte gradual, 
megjithese kemi raste kur kontaktet jane te qarte. Struturat primare te 
shkembinjve shume here jane prishur krejtesisht, si rezultat i zhvillimit intensiv 
dhe te plote te progesit te serpentinizimit, proges i cili ne disa raste sjell formimin e 
makrostrukturave rrjetore. Ne pergjithesi, perberja mineralogjike eshte e thjeshte 
dhe ne te shumten e rasteve eshte e qendrueshme. 

Duke studiuar perberjen mineralogjike te duniteve vihet re zhvillimi i madh i 
serpentines prej olivine, si perberes kryesor i shkembit. Si minerale sekondare 
takohet brucit dhe minerale metalore (magnetit ne forme pluhuri). Perhapje shume 
te madhe kane peridotitet. 

Grada e serpentinizimit te tyre eshte e ndryshme, shpesh here takohen 
serpentinite apoperidotite. Ne perberjen mineralogjike te ketyre shkembinjve ben 
pjese serpentine prej olivine, serpentine prej pirokseni, magnetite ne sasi te vogel 
dhe kokrriza krom-shpineliti 2-3%. Ne peridotitet, aty ketu, verehen shlire 
dunitesh. 

Ne vendburimet takohen damare piroksenitesh, ne perberjeb e te cileve merr pjese 
pirokseni rombik dhe monoklin, rralle takohen edhe dajka gabbro-pegmatitesh. 

Trupat xeheroe perfaqesohenga kromitet me pikezime te rralla, mesatare dhe te 
dendura, me teksture nodulare, brezore deri ne kromit masiv. Xeherori 
perfaqesohet nga kromshpimeliti me sasi te ndryshme te olivinit, serpentinit, me 
rralle talkut, kloritit, opalit. Nga nje here kokrrizat e kromitit rrethohen me cipe 
magnetite, qe ka lndur si rezultat i veprimeve dinamike te fuqishme. 
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Mineraket xeheror formues, kromshpineliti, ka forme idiomorfe me kokrriza ne 
forme kuadratesh ne prerje dhe rralle takohen kseno-kristale. 

Trupat zeherorene pergjithesi kane forme damarresh dhe lentesh me dimensone te 
ndryshme, qe shpesh here variojne me kufinj te gjere dhe brenda nje trupi. 
Pershembul, takohen trupa qe gjate renies zgjaten sa pese gjashte here potenca e 
tyre dhe gjate shtrirjes sa dhjete pesembedhjete here potenca. Trupat kane shtrirje 
ne pergjithesi V.VP-J.JL dhe bien me kende nga 25° deri ne 80°-85°. Gjate shtrirjes 
ata lakohen me kende qe variojne ne kufi te gjere. 

Se bashku me trupat xeherore me potence te madhe takohen edhe apofiza 
xeherore te ndara nga duniti, qe ne te shumten e rasteve jane paralele me trupin 
xeheror kryesor. Si rregull, ne shumixen e rasteve jane paralele me trupin xeheror 
kryesor. Si rregull, me rritjen e potences se trupave xeherore, zvogelohet potenca e 
brezave te dunitit qe intersektojne trupin. 

2. VETITEZIIZIKE TE SHKEMBINJVE DHE XEHERORIT 

Shkembinjte qe ndertojne vendburimet e kromiteve u jane nenshtruar veprimeve te 
ndryshme dinamike, si rezulat i te cilave shkembinjte kane shkalle te ndryshme 
serpentinizimi dhe te permbajtjes se magnetitit. Ky ndyshim ka shkaktuar qe vetite 
fizike te shkembinjve dhe xeheroreve te variojne ne kufinj te gjere. 

Dunitet e serpentinizuar dobet e deri te serpentinizuar shume dhe harcburgitet 

kane predspozitet magnetik %=100 x 10' 6 deri 1000 x 10 -6 CGSM [7]. Me rritjen e 
serpentinizimit rritet edhe peredspoziteti magnetik. Keshtu, dunitet e 

serpentinizuar kane predspozitet %=150 x 10 -6 CGSM, kurse dunitet e 
serpentinizuar shume kane %=500 x 10 -6 CGSM (Shih fig. 1). 
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Fig. 1. Predspoziteti magnetik i shkembinjve ulrabazike, bazike dhe xeheror te 

kromit [7]. 


Nje rol te rendesishem ka luajtur permbajtja primare e magnetitit, mjafton te 
permendim vetem se 0,1% magnetit, mund te kondicionoje nje % = 200 x 10 -6 - 300 
x 10- 6 CGSM [7]. 

Kufinj te brenda te cileve lekundet madhesia e predspozitetet te serpentiniteve jane 
spostuar ne anen e vlerave te medha, keshtu predspoziteti per serpentinitet prej 

duniteve varion nga nje %=500 x 10 -6 deri 7500 x 10 -6 CGSM [7]. 
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Dunitet e serpentinizuar qe permbajne pikezime kromiti kane predspozitet 

yj= 0 - 350 x 10' 6 CGSM. Kjo ulje e predspozitetit magnetik mund te lidhet me 
permbajtje me te ulet te magnetitit ne krahasim me dunitet pa pikezime. Po 
keshtu, densiteti i duniteve varet nga shkalla e serpentinizimit. Densitetin me te 
vogel e kane dunitet e serpentinizuar, a = 2,0 — 3,5 gr/cm , dhe dendesi me te madhe 

a 

e kane dunitet e fresket, a = 2,7 - 3,3 gr/cm . Ne kurbat e variacionit (shih fig. 2) 
vihet re se kurba e variacionit te duniteve ka forme asimetrike, gje qe verteton shkallen 
e ndryshme te serpentinizimit te shkembinjve [7]. 



Fig. 2. Kurbat e variacionit te shkembinjve dhe xeherorit te kromit [1]. 

1- Dunite; 2- Peridotite; 3- Kromit 

Dunitet larakterizohen nga rezistence elektrike specifike me te larte (p = 2280 - 
6320 Ohm.m), shih fig. 3. Densiteti i peridotiteve varet gjithashtu nga perberja 
mineralogjike dhe shkalla e serpentinizimt. Llojet e peridotitit qe permbajne me 
shume piroksen kane dendesi 3,0 gr/cm 3 . Peridotitet e serpenzinizuar kane 
dendesi 2,5 - 2,7 gr/cm 3 . Rezistenca elektrike specfike e ketyre shkembinjve varion 
nga 32 - 650 Ohm.m. Piroksenitet kane predspozitet magnetic qe lekundet nga 0- 
1000 x 10 -6 CGSM, kurse gabbro-pegmatitet x=0 - 150 x 10 -6 CGSM. Vlerat e larta 
te predozitetit ne piroksenitet shpjegohen me permbajtje e larte te magnetitit ne to. 
Dendesia e pirokseneve lekundet ne kufinjte 3,10 - 3,25 gr/cm 
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Fig. 3. Rezistenca elektrike specifike e shkembinjve dhe xeherorit te kromit [1] 

Rezistenca elektrike specifike varion ne p =162 - 1794 Ohm.m. Xeherori i kromit 
ne pergjithesi ka predspozitet magnetik te ulet x = (0 - 300 - 500) x 10 6 CGSM. 
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Vetem per xeheroret me pikezime qe jane nenshtruar veprimeve te fuqishme 
dinamike, predspoziteti arrin deri 3000*1 O' 6 CGSM. Ne kete rast, reformimi i 
magnetitit ne masen kryesore te serpentinitit eshte aresyeja e rritjes se 
predspozitetit. Ne xeheroret massive te zonave, qe u jane nenshtruar nje veprimi te 
tille dinamik, si rezultat i permbajtjes se vogel te magnetit ne masen kryesore, 
predspoziteti eshte me i vogel. 

Dendesia e kromiteve kondicionohet kryesisht nga pembajtja e Cr 203 dhe me teper 
nga shkalla e serpentinizumt te komponenteve te tjere mineralogjike. Keshtu 
dendesia e tyre leviz ne kufinj shume te gjere nga 2,56 - 4,27 gr/cm 3 (zakonisht 
nga 2,56 - 3,44 gr/cm 3 ). 

Rezistenca specifike elektrike e kromiteve eshte shume e larte dhe varion nga p = 
730 - 3540 Ohm.m. Ky variacion lidhet me permbajjen e ndryshme te ujit, 
garshmerise dhe pothuajse nuk varet nga lloji i xeherorit dhe permbajja e Cr 2 C> 3 . 

3. ANALIZA E PUNIMEVE MAGNETOMETRIKE, GRAVIMETRIKE DHE 
REZULTATET E TYRE 


Sig u tregua me lart, ne vitin 1957 u kryen per here te pare punime 
eksperimentale manjetometrike ne shume objekte. Keto punime u kryen ne 
shkallen 1:2000. Rrjeti i rilevimit ishte 2,5 x 20 m. U percaktua komponenti 
vertikal i fushes magnetike Z, matjet u kryen me ndihmen e magnetometrit te tipit 
Fonsenlau. Gjate punes, gabimi mesatar kuadratik ishte m=10 y. Sig duket, 
saktesia e punimeve eshte e larte, rrjeti i perdorur plotesoi kerkesen, qe gjate 
profilit mbi trup te vendosen mbi 5 pika vrojtimi dhe gdo trup gjate shtrirjes te 
nderpritet nga me shue se 3 profile. 

Sig duket ne fig. 4, mbi trup nuk ekziston anomali e komponentit vertikal te fushes 
magnetike. Edhe nje sere anomalish te verifikuara me punime minerare, nuk u 
lidhen me ekzistenen e xeherorit. Ne disa objekte te veganta u fituan anomali jo 
intensive. 
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Pra , ne pergjithesi rezultati i punimeve magnetometrike te vitit 1957 ishte negativ, 
lidhur me dhenien e zonave minerake dhe te trupave qorre. Po keshtu nuk u be e 
mundeshme ndarja e vegimeve te duniteve nga peridotitet. Ky rezultat negativ 
lidhet me nje sere faktoresh objektive. 

a) Predspoziteti magnetic i shkembinjve varion ne kufi te gjere dhe shkembinjte e 
ndryshem kane predspozitet te afert me njeri tjetrin (shih fig. 1) Kjo ben te veshtire 
dhe ne shume raste te pamundur vecimin e llojeve te ndryshme te shkembinjve 
utrabazike. 

b) Trupat e kromitit, megjithese kane predspozitet pak me te ulet se dunitet, kane 
dimensione te vogla ne krahasim me thellesine e shrirjes se tyre ne kete menyre 
anomalia e krijuar nga ata, ne pergjithesi eshte e dobet. Kete fakt e verteton 
kalkulimi terik i kurbes se komponentit vertikal te fushes magnetike per trupin 
xeheror, qe rrefehet eshte 30,0 gama. 

Po keshtu shliret dhe dajkat e pirokseneve dhe dajkat e gabropegmatiteve, duke 
patur kete predpozitet te uket (te ngjajshem me te kromiteve) mund te japing 
anomali, qe te kondicionohen si anomali te dhena nga kromitet. Kjo gje ben te 
pamundur zgjidhjrn e njeaneshme te anomalive “negative” te vogla te trupave 
ekzistues. 
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Fig. 5. Preje gjeologo-gjeofizike e vebdurimit Fig. 6. Grafiku i komponentit vertikal te 
“A” te kromit. Kurba e komponentit te fushes magnetike ne rajoninl9 

te fushes magnetike (Punimet e vitit “K” e punimeve te vitit 1962. 

1962). 

c) Relievi i aksidentuar ul ne maksimum efektivitetin e kesaj metode. Megjithe 
rezultatet negative, ne vitin 1962, mbase u gjeten objekte te pa pershtatshem, u 
kryen perseri punime magnetomerike. Keto punime u kryen ne shkallen 1:2000, u 
perdor rrjet vrojtimesh (2,5 - 5) x 20 m. U vrojtua komponenti vertical i fushes 
magnetike, matjet u kryen me magnetometra M2. Ukryen matje me perpikmeri te 
larte, keshtu gabimi mesatar i kuadratuar per nje objekt ishte m= 3 y, kurse per 
nje tjeter 7 y. Si rezultat i interpreitmit te ketyre te dhenave vihet re, qe ne disa 
objekte ka anomali “negative” intensive te komponentit vertikal te fushes 
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magnetike, ne te cilat amplitude e anomalise varion ne -600 deri -700 y (shih fig. 5 
dhe fig. 6), kurse ne nje proflk te njerit prej ojekteve te rilevuar gjate vitit 1957, u 
muar i njejti rezultat si edhe ne vitin 1957 (shih fig. 4) dhe mbi trup nuk fiksua 
anomali. 

Duke mos patur mundesi per te kryer analiza te vetive magnetike te shkembinjve 
dhe te trupit xeheror, qe tregohet ne fig. 6, po shfrytezojme te dhenat e studimt 
petrografik dhe analizen kimike per te shpjeguar rezltatet e mesiperme. 

Analiza kimike tregoi se xeherori i trupit i treguar ne fig. 4, perfaqesohet nga 
kromshpinelit me permbajtje Cr 203 44,34 % - 17,6 %, FeO 15% - 15,2%. Raporti 
Cr 203 : FeO eshte 2,4; AI 2 O 3 permban 5,42% - 13,45%, Ti02 o,29% - 0,54%, ndersa 
trupi i treguar ne fig. 6 perfaqesohet nga kromshinelit me permbajtje Cr 203 45,46 
% - 51,72 %. Raporti Cr 203 : FeO eshte 2,5 - 2,8; AI 2 O 3 permban 4,44% - 7,3%, ka 
gjurma Ti 02 . 

Sipas studimeve petrografike, shkembinte dhe trupi xeheror i treguar ne fig. 4 jane 
respektivisht te serpentizizuar dhe shnderruar. Dunitet dhe peridotitet jane kthyer 
ne serpentinit apoduntik dhe apoperidotit. Ne shkembinjte, se rezultat i 
serpentinizimit eshte formuar magnetit sekondar i cili rrit predspozitetin e tyre. 

Shkalla e magnetizmit te xeheroror eshte pothuajse e plore, vetem ne vende te 
holluata te shlifit verehen gjurmet e minerait primar kromit. Shkalla e shnderrimit 
te kromshpinelit eshte gati e njejte si per shkembinjte ashtu edhe xeherorin. 
Perqindja e larte e permbajtjes se hekurit ne xeheror, kryesisht ne formen e 
magnetitit (Cr 203 :Fe 0 = 2,4), shkalla e njejte e shnderrimit te shkembinjve dhe 
xeherorit, mendojme se solli qe predspoiteti magnetik i tyre dallohet fare pak. 
Keshtu mbi trupin (fig. 4) nuk merret anomaly e komponentit vertikal te fushes 
magnetike. 

Xeherori i trupi qe tregohet ne fig. 5 eshte pjeserisht i shnderruar (magnetizuar) e 
kryesosht sipas garjeve, periferite e te cilave paraqesin plotesisht ane te 
shnderruara. Magnetiti ndodhet ne formen e damarreve ne pjeset e dobeta te 
kokrruzes. 

Shkalla e shderrimit (magnetizimit) te shkembnjve rrethues eshte me i theksuar se 
ne trupin xeheror, aty magnetizimi eshte i plote. Keto faktore si edhe permbajja me 
e vogel e hekurit ne xeheror, te fig. 6-te sa ne trupin e treguar ne fig. 4, mendojme 
se ka shkaktuar, qe mbi trupin xeheror te merret anomali negative e komponentit 
vertikal te fushes magnetike. 

Kjo gje verteton edhe nje here konluzionin e arritur nga specialists gjeofizike, qe 
mbi trupat e kromitit mund te merren anomali te fushes magnetike [7], por keto 
anomaly nuk takohen kudo. Ato fitohen ne ato objekte ku dimensionet e trupit 
xeheror jane te konsiderushme ne kahasim me thellesine e shtrirjes se tyre, relieve 
i pershtatshem, predpoziteti magnetic i dallueshem ne mes shkembinjve dhe 
xeherorirt. 

Vlen te theksohet influenca negative e madhe e relievit ne rezulatet e 
magnetometrise. Relievi i aksidentuar e deformon dhe e ben jo te qete fushen 
magnetike. Mjafton vetem nje perrua i thelle 4-5m per te krijuar anomali analoge 
me ato qe krijohen mbi trupin e kromitit, kjo gje vihet re qarte ne fig. 6. Te gjithe 
keta faktore objektive negative ulit efektivitetin e metodes se magnetometrise per 
kerkimie trupave qorre te kromit dhe e bejne ate te perdorshem vetem ne raste te 
vegan ta, te pershtatshme. 
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Ne vitin 1958-1979 ne keto objekte u kryen punime gravimetrike. Rrjeti i vrojtimit 
ishte 20 x 40 m. Kjo lejoi qe kryq shtrirjes se trupit te vendoseshin mbi tre pika 
vrojtimi dhe, gjate shtrirjes trupi te intersektohej nga te pakten 3 profile. Vrojtimet 
u kryen me gravimerin GAK-3M dhe variomerin e firmes Etvesh, Perpiksmeria e 
punimeve ishte e mire, gabimi mesatar i kuadratuar ishte 0,08 mgl. 

Megjithe kete ndertimi gjeologjik i vendbrimeve nuk u pasqyrua ne shperndarjen e 
forces se gravitetit. Trupat xeherore pothuajse nuk ndihuan fare ne rezultatet e 
matjes. Kjo gje duket qarte ne fig 4. 

Keto rezultate negative lidhen ne aresyet e meposhteme: 

a) Trupat xeherore kane dimensione te vogla ne raport me thellesine e 
vendosjes se tyre. Pra, akseleracioni i forces se gravitetit, i krijuar nga kjo 
mase eshte i vogel. Ko tregon se me aparaturen e perdorur dhe saktesine e 
arritur, keto anomali nuk mund te fiksoheshin. 

b) Densiteti i shkembinjve rrethues (o =2,66 gr/cm 3 ) varion ne kufin te gjee 
dhe jane te afert me njeri tjetrin. 

Kalkulimet teorike te forces se gravitetit, vertetuan keto konkluzione. Ne fig, 4 
tregohet kurba teorike e Ag per trupin e kromitit, qe i eshte nenshtruar studimit. 
Viera maksinale e Ag mbi trupin e dhene eshte 0,016 mgl. 

Polarizimi i provokuar dhe rezultatet e kesaj metode 

Gjate dhjete viteve te fundit eshte rritur mjaft interesimi per perdorimin e matjeve 
elektrike, te njohura me emertimin e polarizimit te provokuar. Mendohet se gjate 
kalimit te rrymes elektrike neper zonen xeheroe, lindin ne pergjithesi te njejtat 
fenomene si edhe gjate polarizimit te elektrodave. 

Metoda e polarizimit te provokuar u perdor ne pergjithesi per verifikimin e 
anomalive te potencilit natyral dhe profilimeve e kombinuara mbi trupat xeherore 
sulfide, per dallimin e ketyre anomalive nga “anomali” te rreme qe mnd te lindin 
ne zonat e kontakteve tektonike dhe nga levizjet e 
ujerave nentokesore, fig. 7 [1,9]. 


Fig. 7. Grafiku i potencialit te fushes elektrike 
natyrale per rajonin “B”. Potenciali negative mund te 
lidhet ose me ekzistemcen e xeherorizimit sulfur ose 
me gelqeroret [ 1 ] . 

Perpunimi i metodes se polarizimit te provokuar eshte bere ne dy drejtime. Ne 
B.R.S.S. eshte perdorur rryma e vazhduar, kurse ne shtetet e perendimit jane 
perdorur impulse te rrymes se vazhduar me period te shkurter dhe rryma 
alternative (sinusoidale) . Ne vendin tone eshte perdorur deri tani rryma e vazduar. 

Teoria e metodes se potencialit te polarizimit te provokuar eshte e perpunuar 
shume pak. Edhe per variantin me te thjeshte dhe me te perhapur te metodes se 
polarizimit te provokuar, ne te cilen rryma polarizuese eshte rryma e vazhduar, 
mbetet akoma teorikisht e pa studiuar. 
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Punimet jo te shumta [3, 5, 11, 12, 13, 14, 19, 20, 21, 23] qe jane botuar ne 
kohen e sotme kane karakter diskutimi, per me teper ne disa nga keto punime 
tregohet principalisht pamundesia e perdorimit te kesaj metode [22]. 

Jane bere perpjekje per kalkulimin teorik te fushave 

Te polarizimit te provokuar te trupave ne formen te thjeshte gjeoemtrike [5, 11]. 
Punime eksperimentae me metodn e polarizimit te provokuar tek ne jane bere ne 
vitin 1960 dhe 1962 ne vendburimet e bakrit, ne pjesen veriore te Shqiperise [18]. 

Rezultatet e ketyre punimeve me metodat e potencialit natyral, profilimet e 
kombinuara dhe polarizimin e provokuar, paraqiten ne fig. 8. 

Qellimi i yne ne kete punim nuk eshte analiza e ketyre rezultateve, prandaj po 
kufizohemi vetem me permendjen e tyre. 
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Fig. 8. Profili gjeologo-gjeofizik ne rajonin “L” e punimeve te vitit 1962, per 
kerkimin e sulfideve e bakrit. 
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Zbatimi i metode se polarizimit te provokuar, ne gjetjen e mineralizimit sulfide nuk 
eshte kaq i thjeshte, si mund te duket nga sa thame me lart. Nje nga arsyet eshte 
se edhe minerale e tjere gjysem percues, si graffiti dhe piroluziti, japing efekte te 
ngjajshme te polarizimit te provokuar. Nga nje gere efektin e polarizimit te 
provokuar mund ta verejme edhe atje ku mungojne mineralet gjysme percues. 

Eshte percaktiar se materialet qe polarizohen ruajne per nje fare kohe ngarkesen 
elektrike dhe pasi nderpritet dergimi i rrymes elektrike. Ne esence, fenomeni qe 
vrojtohet paraqet ne vetvehte gradientin e tensionit, por kjo gje akoma nuk do te 
thote se ne te vertete kjo eshte ngarkese elektrike, ne fakt do te kete vend nje fare 
rrjedhje. Efekti i polarizimit te provokuar mund te konsiderohet si grumbullim te 
energjise ne materialet gjate kalimit te rrymes dhe qe zakonisht nje pjese e saj 
clirohet nen e veprimin e ngarjeses pas stakimit te rrymes [5]. Ekzistojne pese lloje 
te grumbullmit te energjse elektrike, magnetike, mekanike, termike dhe kinike. Ka 
mundesi qe ne plarizimin e provokuar te marrin pjese te gjitha llojet e enerjgjise [5] 

Grumbullimi i energjise elekrike dhe kimike jane format me te tjeshta te efektit te 
polarizimit te provokuar, qe lidhen direkt me mineralet percuese dhe qe jane te 
ngjajshem me polarizimin e elektrodave. Pikerisht, ky efekt i polarizimit te 
provokuar, perdoret per kerkimin e mineraleve sulfide te bakrit. 

Tjeter forme e grumbullimi te energjise eshte grumbullimi i energjise te fushes 
magnetike. Eshte e njohur, se rryma elektrike gjithemon formon fushen magnetike 
dhe kur nderpritet rryma, fusha magnetike qe dobesohet kthen energjine e 
grumbulluar ne formen e energjise elektrike. Ky efekt mund te jete shume i 
komplikuar neqoftese gjeometria e rrjedhjes se rrymes nuk eshte e rregullt, por per 
format e thjeshta te gjysme hapesires ka zgjidhje te mira dhe te thjeshta [5]. 
Neqofte se ne punimet fushore perdoren skemat, ne te cilat elektrodat vendosen 
gjate nje vije te drejte, atehere efektet elektromagnetike nga pikepamja cilesore jane 
te ngjajshem me efektet e polarizimit ne zonat menerale [5]. 

Format e tjera te grmbullmit te energjise kane lidhje me fenomenet 
elektromagnetike, termoelektrike, te difuzionit dhe te polarizmit membranor. Keto 
forma pershkruhen mjaft mire ne punimin e D.J. Marshall dheTh. R. Madden. 

Polarizimi i provokuar ne kromite, mendojme se ka ldhje me grumbullimin e 
energjise elektrike dhe kimike, me prezencen e magnetitit, qe rrethon ne formen e 
cipave kokrrizat e kromitit (shih fig. 8), me ekzistencen e limonitit ne disa kromite, 
ne formen e brezave te holle, ku mundet te ndodhe gumbullimi i energjise nen 
veprimin e presioneve osmotike. Mund te inlfuencojne edhe format e jera te 
grumbullimit te energjise. 

Punimet elektometrike u kryen ne dy faza, ne laborator dhe ne fushe. Punimet 
laboratorike kishin per qellim perpunimin e metodikes se vrojtimit dhe verifikimin 
e rezulateve te arritura me kete metode per trupa percues nga studiuesit e huaj . 

Punimet fushore u kryen mbi nje trup te kromitit, forma e te cilit eshte percaktuar 
plotesisht nga punimet minerare. 

Vrojtimet u kryen duke matur gradientin e potencialit me anen e skemes se 
gradientit te mesem AMNB. Distanca AB=500 m, MN=20 m, hapi 10 m. 

Rryma e ngarkeses ishte 4 Amper, kurse koha, qe lejohej kjo rryme te shkonte te 
toke ishte 5 minuta. 

Keto parametra u zgjodhen ne menyre eksperimentale. Per kete, duke mbajtur 
rrymen e ngarkeses I ng = 2 Amper, koha e ngarkeses u muar 2, 4, 6, 8, 10, 15 dhe 
20 minuta. 
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Per te caktuar rrymen e ngakeses duke mbajtur konstant kohen e ngarkeses (x) i 
provou be ngarkimi me 1, 2, 3, 4, 5 dhe 6 Amper. Sig duket nga fig. 9, potenciali i 
provokuar ne shkembinjte ultrabazike, ne varesi te rrymes se ngarkeses rritet 
pothuajse ne forme lineare. Polarizimi i provokuar rri ne pergjithesi constant dhe 
fillon te rritet pak, vetem mbas 1 = 5 Amper. 
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Fig. 9. Varesia e potencialit dhe polarizimit te provokuar nga rryme e ngarkeses per 
shkembinjte ultrabazike. 

Gjate ketyre eksperimenteve u vu re nje fenomen i tille: kur rryma e ngarkeses 
ishte mbi 2 Amper, mbas kohen 5-6 minuta, rryma ne qarkun ushqyes zvogelohej; 
mbas 10-12 minutash vlera e saj arrinte ne 50% te vleres fillestare te rrymes. Ky 
fenomen verehej me teper ne ditet e nxehta, kur toka ishte shume e thate. Mbas 
lagies se vendit te tokezimit te elektroave AB, ne fenomen i tille nuk verehej. 

Rrenia relativisht e shpejte e rrymes ne qarkun ushqyes lidhet me krijimin e 
ndonje cipe me percueshmerielektrike te keqe, ne tokezimin qe lidhet me anoden e 
burimit ushqyes dhe afer tij. Gjate nderrimit te dejtimit te rrymes, kjo cipe 
shkaterrohej ne anoden e vjeter dhe krijohej ne anoden e re, por per kete kerkohen 
perseri nje fare kohe. 

Si rezultat i kertyre eksperimenteve, u be e mundur te theksohen disa faktore, te 
cilet percaktojne vleren e polarizimit te provokuar ne shkembinjte ultrabazike: 

1) Varesia e polarizimit te provokuar nga koha e ngarjeses eshte e theksuar 
dhe ka forme te konplikuar. Koha qe do te jepte nje polarizim te provokuar te 
madh eshte mbas 10 minutash ngarkese. Por ne kete rast, do te ndodhe 
polarizim i theksuar i elektrodave te qarkut ushqyes, per te cilen u be fjale 
me siper dhe e elektrodave te qarkut marres. Pra koha me e pershtatshme e 
ngarkeses eshte 4-8 minuta. 

Shenim: “Mungon faqja ne vazhdim, ne kopjen e vetme te ketij artikulli qe mhet. 


Ne fig. 4 dhe 10 jepet kurba e koeficientit te polarizimit te provokuar mbi trupin e 
njohur te kromitit. Larg trupit xeheror, polarizimi i provokuar merr vleren ri=3,2%. 
Ne zonen afer trupit xeheror dhe mbi te rritet vlera e polarizimit deri 5-6%. Mbi 
pjesen e siperme te trupit i]=10,8%. Mendojme se kjo rritje e thekrusar e 
polarizimit te lidhet me influencen e pjeses se siperme te trupit, e cila eshte me 
afer siperfaqes. 
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Fig. 10. Grafiket e potencialit te polarizimit te provokuar dhe potencialit kalimtar 

ne vendburimin e kromit “N”. 

Keshtu, mbi truin xeheror fiksohet nje anomali e polarizimit te provokuar me 
amplitude mesatarisht 2-2,5 % me teper se sfondi i pergjithshem. 

Pra, punimet e vitit 1962 dhane rezultate positive me kete metode. Me gjithe kete, 
vlen te theksohet se keto punime jane kryer ne nje objekt. Ne te ardhmen duhet et 
intensifikohen keto punime. Vetem ne kete menyre do te perpunohet metodika 
fushore dhe e interpretimit, e cila edhe jashte shtetit eshte ne kete faze 
eksperimentale dhe do te arrihen konkluzione te plota mbi efektivitetin e kesaj 
metode per kerkimin e kromiteve. 

Konkluzione 

Punimet gjeofizike te vendosura ne kromitet deri ne kohen e sotme, kane dhene 
rezultate te ndryshme per objektet e studiuar. Ka patur rezultate negative dhe 
positive. Duke u mbeshetur ne analizen e dhene me lart kemi arritur keto 
perfundime: 

1) Jo ne te gjithe objektet do te fiksohet anomali e fushes magnetike dhe e 
gravitacionit. Te tilla anomali do te merren ne ato vendburime ku trupat xeherore 
kane dimensione te konsiderueshme ne lidhje me thellesine e vendosjes se tyre, 
shkembinjte dhe xeheroret te kene veti fizike (predspozitet magnetik dhe dendesi) 
te dallueshme nga njeri tjetri. 

2) Mbi trupin qorr te kromitit u muar anomalia e polarizimit te provokuar. Kjo gje 
hap perspektiven e perdorimit te kesaj metode te re per kerkimin e trupave qorre 
te kromit. 

3) Relievi i aksidentuar ul efektivitetin e punimeve gjepfizike. Ai shkakton 
deformimin dhe berjen jo te qete te fushave magnetike, te gravitacionit dhe 
elektrike. 
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Ne perfundim te ketij punimi, duke u bazuar ne rezultatet e arritura deri me sot, 
mbi perdrimin e metodave gjeofizike per kerkimin e trupave qorre te kromitieve, per 
te ardhmen rekomandojme: 

1) Te vazhdojne punimet eksperimentale me metoden e polarizimit te provokuar. 
Per kete duhen kryer eksperimentet ne disa objekte ne kushte te ndryshme te 
vendosjes se trupit xeheror, formes, dimensioneve dhe perberje mineralogjike te 
ndryshme, etj. Duhen vazhduar punimet laboratorike. Per te kryer punimet 
fushore dhe laboratorike eshte e domosdoshme qe aparatura ekzistuese te 
modifikohet dhe te aplikohet per kete metode, pa i nderuar parametrat e saj ne 
metodat e tjera. 

2) Punimet magnetometrike ne koordinim me punimet gravimerike mund te 
vendosen vetem ne disa objekte te pershtatshem. Per kete kerkohet, qe relieve te 
jete i sheshte, i kategoise se Il-te dhe te Ill-te, mikrorelievi te jete i qete, trupat 
xeherore te kene dimentisone te konsiderueshem ne raport me thellesine e 
vendosjes se tyre. 

3) Per te kryer punimet fushore me kete metode eshte e domosdoshme qe matjet te 
kryhen me aparate preqizioni, magnetometra qe kane vleren e ndarjes rreth 10 
gama dhe gravimetra qe kane saktesine 0,05-0,01 mgl. 

4) Te fillojme studimet laboratorike petromagnetike per te njohur sa me mire vetite 
fizike te shkembinjve, e cila eshte kondite kryesore dhe e domodoshme ne 
interpretimin e te dhenave fushore. 
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Me poshte po bashkanqjitet origjinali ifotokopjuar i ketij artikulli qe ruhet deri me sito. 
Sig duket ne kete kopje, disa figurat jane te nje cilesiejo te mire, sipasoje e teknikes 
kopjuese te kohes. 
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O "tli, iiM rt+X h*' /fl f ^ ^ * T 

|.>( Au 


Al’LJKJMt 1 METODAW TE itEJA GJKQFIZlKfc PER kErkIMIN _E 
TRUPAVK TE KROMITEVE NE PJESfiK VERIORE TE SHQIFERISE 

LldOR LUBOWJA - ALFRED FRASHtRl 

Kfltfdrt.* '■'<andburiri , niiv-t 


Per k^rJiLnrun S trupjive qorre t£ kroirutCVO n£ VtFidin tone, jane 
try er R i a i$ vifeve 1957, -53 puniine m&njetometrike dhe gravlmetrute, re- 
iultal#”e t# cilave ne ptjrgJitheM kart# qene negative. K#tt> punime u 
krven nea tkspediU! e ftomUelit Shtetiiror te Gjcologjiw 

Duke paiur pansy *h detynt • dltfe n# k£rfcimia e kmmiteve, n# 
Vitin 1952 u perdfir peri#n mi"tr>d» e manjetometrisc <p!<? u ekspenmcn 
tua per her# te part metoda r ft * polari limit t# prnvnku ir K*to 
u krven n B a eksped.ta Jt]-cfiiik« e Md*r™ri« G-m\«* ■ ’^jirafike Pj 
hoshLipunim me laboratory e gjwfltik** - 'n» i "'>'™ * 

TiriiASS 

Ne k^t# artikull jepen analiza e punimeve » viieve 1957/59 dhe re- 
pjiblet t punimeve te vitit 1962. 

. _ NDtRTJMi CJEOLOtSO-PSTTHOCBAFUt I TVRUPA vr DHE ZONAVfc 

IdMATI 

Shksmbijt# qe nd#riDjrt# vend burimet e knfeiMva, 
n fia kornpleksi inmiEiv i ihMmbijve ultrabaiiki?. DinuLtet Jan# shkfcnbnW 
krjespre V pSrmbajne ferotnitm dhe lakohen n# lormc vecimeah ne ma- 

ttn Km^lV'f'dunileve me aerpenlmitet apcperidoiit n * 

*shte gradual, megjithese kemi fast* tur kflMlfe 
feral prfoure t# shMinbmjve shume here Jan# P r ^ ar i 

rezultat a zhviJlimil intfcrtsi'*' dbe plots It pro^eSrt te fierpeot nnim 
arws j nil n# disa rairte sjcU foraiimin e makrostnikturave rjefere. N- 
K minerailogjike «ht# e thjeshle dhe ne te ahumte 

e p^rberjen m ^ ffralto 6i ifc e J# d«nii^e vihet k ^h' 

HiTTii i nijidh i wmentir^ prej oIivtne H Si perbfcrts krycior i shki.iti ■ 

Si mineral# sektmdare taknhen brueit dhe mlne^emt^e Cmagne 
nf forme pluhuri). P#rhapje shpme te madhe kara peridot del. _ 
Grada C serpt-ntinizimit te lyre estit# e ndryShme, thpesh her# 
hen serpentinlte apoperidntile. Ni* peiijcrytn mmcralqsj'ke te k 
thte-iibemVC ben pjtse serpentina pnej olivine, serpentina P™J I i 

STjSffi nM t# vpX dhe kokriza krom-shpmellti 2-3% - 

r idr.! rt, oty ketu. viirehen shlire dotnlesh. 
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M wMJbwlmrt takbhen damar* pirokienltesh, 06 _p 5 rb 6 r|«i * I* 
gytn merr p]c«f plrokaeni nanUk dht itwnoklin, mills tikohM edhf 
riJL.lt* fib rfj-pogrn.a'&ttth. 

fmpac isherore ptrlaqesohen uga troroilet me niklaiiin*t6 rmlia 
te d£pdur&, me teksturt nodutare, brezore deri ne kromlt ma- 
il* Ub«rl p6rfaqe»hei nga kromahpinellti me ad tt ndijahme w 
AMI serpefTtlnlt; mis e r*US talkut, klorilit, opd« Nga n]* lierfc 
t krondtit rrpthohfefi me dpfe magnetic, q& ha Itodur al reaultat 
j Apvlaevt dJuunto || ftiqlshir-e. 

Mbieralst xtfaaroi formuw, ItrtmuhpinsUti, ka foro# idlwiwHa me 
tim me form* kuadrabAh ni prerje dhe nail* tekohen kw*rkat*ie- 
Trtipat x&herure ne pfctflthtei ka n§ forme d*nma 

done te pdryahm* q* »hp«sh here varioJnB me kufln) t* gj«* edhe 
i nle tmpL Per shembwllTtakohen trup* 1 * *jjalBa *gfr**° y 

3«hte her* potenea e tyre dbt gj*t* 

Where po tenet Tnipat kan6 ahtrlrfe wi pSrgJitt^m V.VP-JJL dha 
_i me Irende rtni* n*a S5° define & 0 ^ 5 “ GJeta *htrir 3 « at* lakohmi 

n» kfcnde q£ vwiojn^ n* kufl t* gjer*- „ _ . 

Sd bftshku me trupat jteherore me potent* t* madhe takohen edhe 
■ j — xcherore te ndara itga dwdtl, 4* n« te ihwnten e f«w™ 
nwWel* me trupin xeheror kryesor Si mgwll, me rrttjen, e potence* se 
t^hve xtherore, zvngelohel potent* e beezava t» AmStit q* interwktoj- 
ri> *uptn- 




1l VJFTtT* ITZPt K Tt SHJtEMBHtf JVK CHE 

flhkembentt qfe ndertojrut vendhypimet e kromiteve 11 «m 6 nto#' 
r wprtmeve te ndryihm# dt nuite . d *6 

Ahfcftlle ndryahme nsfrpwitijiiiimi dhe le pflflmbajxjei m 

TfanWihim k* shkektuar qS vetitt lidhe te ahkembenjve dhs xe- 

f te vwk)irf n* kufinj te flee#. 

iltet e Mirmttaur doWt^eri tf ih^ dhe 

Et k«ne prokponUt manjetkk y — 100 x 10 1000 x 10 

tf?) Uc « a^rpeitiiuiimit rritet dhf predapoaitfitl mftfijttit 

duDitet q serpentinimair pak kani* pretbpaatet y “ 
kurse dunitet e j»*penUatiar ilmini kan# y " 500-10 CG5- 

rol tfi rtod&ibhem lu luajtur pirmbajtja primal e magiwttt, 
Miw tfe permendun vetfm se 0,1V* magnetit, mumd W kondlcloTibi^ 

nil v - 200 - 4 - 3OO.10 J CGSM (?) __ 

kufiite mbrenda 15 dleve l§kundH madhtaia e predapazitem « 1 ser- 
ttH,- niteve jane spostuar me an&i e xlorave 16 m-idha, keahtu pred^pn- 
a„. pftr serpent in£t pr«j duniteve varior v - 500 10 6 «fn 

75<*. 0 * CGSM (7) . _ . ... . .. , 

Ijh- --et e serpen tin iKuar qe permbajue pikeetme kromiti kam- pred- 
7|[l . _ 0 350,10-* CCSM. Kin ulje e predupnzitelil man job 1 ' 

trund :■ idhet me permbajtje me 16 ulel te magnetic nr k-nhnrfra n» 

1 ■n'tet p;l pik6zime. Po ktshtu, den^it«ii i dun Sieve varel njra ihkiiL.i ■ 

■ ntmizimit. Denaitetin me te vogel e kan6 dunitet e aerpentini^^ 
i,j = 2.0 3,6 pi 'em 51 ) diis densittl me te madn kanc rlun 1 
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' [T? 

\\ . 

t 

,■ - ■ -H 


* Mfr L 


frtetkSL fcr v 1*7 -=- 1,3 fr/cm*), Ne kurbai * vAriacionit {*hii Ac * **- 
bet rt ** hurbi c varUctanJt t| dunlteve km fmrf artmrtrLke , gj# *- 
teton ebkiUfc >m ndiyib™ 4f H diktaWujve ttn 



Dunitet korak t*dz*h^n nga n rezigitenrf specilike elektrlW l* 

mt te lartg (p « n &0 0320 om, m) shif fig, 3 

Densiteti i ptridiotiteve vsret j^ithsahtu nga pStbEija t +■■ 

dh& shkalla e serpenttiiillltilt, LI o Jet e peridiotitit ptrrnbajii# 
pirok.MTL kane densitet 3.0 gr/cm 3 , Peridiotitet e sserpstitihi*'^ 
densilcl 2 5-^2 7 gr./cm 3 - ReTistenca dekfcrike zped&ik* » jfi 
ihkprnbmjve variori ntfa 32 -™ 6&0 M m. 
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fWiW itkiJmi* rMt*** «■#*'/'** rn 


iilliti! 


I Ar/ 1 ^ 

dJ-wm- r f 
| 



IIIIIII'I'IIl 



tpteiELk* * <U« t* 


/jjjmkHiiitil kMV# ■w ^p oKiUt manj«tik qe li-kundet uga 0 *4- '®**- 1 *V 4 

* p ufr p u ltetH n# pti ufc wtii M *pjepaiifit jne pirmbajtjen « l “** j* 
n£ to Ehmslt*tt I pLral*erirtev* KIcuTMlet p6 

*.1ff -r- 3 25 gr./cm*. 

Rezistenca elek trike speciflke vwrlor nep = 152 -4- I7**wn,»- 
Xehfittjii 1 fcroiruilt at pergjitM*i k* prt<Hporttrt *"*■« » wlft 
v * 0 — 3Qfl — 800,10 4 CGSM, Vetfcrn pSr ndwopet mm pik^bme •V 
a W nenshtniJir ytprtnm » fuqUhnu: fl— »to grtdapontttl Vrin 
ivi 3000,10 4 CCSM N* NO rLfomiiini i r# m*st:n 

Oroon W *erpentinitit «*h** >r4*T«i« * rrltja* •* p^poaitetlt. N6 
nfaarurfet m&«v tS Htiivr, ql u Jn* Bfaitahtntfr nJP vepnml « tUle 
fairly 4 «tiw i ph»lo Ww j N m««neiitlt n* m*s*n bye- 

fcottSttA* ki j wkh t tip pfcnnlMjtjA * 

CwOi At n* t» w. Nikulin t HtyotOMt *i k«npqntnt«re tS tj*r6 

3 10 (fckoimht Ml +M< 

RtijIttMiT Wrtfcc tlektekkT • hjiMO.i l fch« thumO t Mi dht 

TfKiOh nS j) - flCT^-iS^O fmjO, Ky v — l-^ 4 - )j^**^* iS/T '^irnrlt 
■fa-yahm* »«JK dirt poth«0- «* «t ■» tfojl I 

dhe D^rmbtltl* tWA fti 


s ahalba 0 oaAvuwniik* dot 

ftX^Ul/TATrr t TVKt 

Sic u treffua rw i*rt. n ( vitin 1931 t! krytn p*f hwts ti £•*< ptaiime 
^spenment$k mif ^mmetdkt n£ shumt objekte KtU> pwitcrra u t^jen 
:e shkalSen l :2IW“ Rjeti 1 rilevimit iahte 2.5x20 ns- ^ p«TCftktii* 

■ ,miy>ntnti verrikal i Fusht^s manjetike Z s rnj^ ei u kr\-'-n me ndinj^en e 

■ :i te tip-it Fonsw^lau. Gjatt pam^v rr,c?ftlar i kuadra- 

.. 3^}itr m 10 v duket. sakt^&ia e pummev- ^hte e larte, rjeti 
^Mxiiirui- plnl^ai k^i'ki'-LTH. prcHfilit mbi ^ vendor mbi 

4 1 p L t- 1% J]1 m 
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a T&X woJUrni dhu (do UUp gjft» PrtrtiTw tt nturpnvei riaif iw= 

Sfc&ifcet ni flfurtn 4, mU tru p mih c fafataci anotnftli ft kacipocw«» 
P rdfc2 M fialifa awijfefik*. BdtH iUTiOT »kftill»h t <* 

U4Uq me. ik(ut»#i n Mfcarortt Wfe d“* 

“ i jjh3«. Pw, ^ 

willt 19*7 Wit* aepttv, Udbur ®* 
te *gp«*e (JCXTO. FO fefehtu mi* u b* 


verttfcj 

pun 1 ( 0 * mjLMTftl*!. » 
object* 16 weoata u 
suit*!! 1 pualam 
dhii^cti 



^«*°» ntola 4 P etWetitrt 

neg *ttr me n** *M iiktcrftsh objefciv#: 


Ky rwultit 


4^. ¥ i t* 


■V 






n* « 


Pr«4inoKit«ti juntetik i ihkMwilYi virion ni kuli fcfe gjer^ 

p^S* * ft*r* nfiri IJ* 

^htffSpn KJo^?bS t* viliilttrt 4fa* « «b«»* t* p*MUNtar 
Uajw tt fidrjTihm* « *l***®jvi Miltr^bteJ^ 


0, laeSBB^aiiSag 

fjpt. <j dbSt Kfcti ftiltt rttrtefcir ykuSnU teorik t- tarto *t tumipHimlil 


tf 
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trap felr« ttsO g«n*- „ . 

Po k&shtoj Mir* e (Ujtort * &nka*un* A* 'M i k * t * 
t eve duke p*sur kM! prtri*|H»di*t W ul* <t« ofjfjihiiii me 
vej mund « J^pln wiomall, q* t* fcaw^caiob^ a mm»1i « dUrt nga 
kiwnitet Kjo g]B bin patimndijr igjidh)® e « afutMUve 

-negative- te regia « trupav* efiSatwa. 

z ) Keiievl I at»id«ituar vi B& makabhiiia rfefctivitetln < **■»! me- 
tod*. Megjithe re*fH»f*t w#4tiw, itf ylUn 1W3, mbit u !)**»* ob]«*^ 
« p^9ht*t«yato. u fcrywi p*«*rt p^im# nwjetamet^ Kfta P»ta! 

kryen ni ihtoiM* 1 : **», « f*«<* rjet v™£dmaih (« — *>*j» *■ 
U waitu* kwnpoAentl rertUal 1 fuablta majijatlk*, matjet u faym "“ 
man ^tortet rill M-3 U kryw mat je me pfrpiknUlrt « Lori*, Wtaita 
ml meiatar 1 kuadrutuar pfr n]t objekt Ishti* m ■ 9 y kume P*r nji tjater 

m = *gi'remllat i i/iterprttiwlt if katyre if dhenave vihat re, qi nC dla * 
objekt#ka#numaM -nefiatf^ mtaniva ti komp^tit vrrtJuU l» teak* 

matijrttte, n6 tf dial ampUtud* » '* 1 ~_L ^T~t T7ffi Y 

(ahil fig, 5 dhe rig. 6) kuree ne rjG prtfU tf S,!f 

vuar riiK vUU 115T, u muar 1 njajti mniltat i dh* nl »Wft 
Hg, 4) °dJle mb! tmp m*k w flhw* * 'Will 


Q*l «**n» flfr 4 frWh 
if fuabto »*toi 




sa ew 

ED «V ^HA 

Tli i Prsia iJrtiiW-Uwft- 
iUt« o vnribwrtmH «A‘ It kro- 
mfet, ITuft# * *e*- 

tlkaJ 4 UA B—Wht 

(PuAlmEl * vttlt H 


C3 iHpafat T fH ^ PJ 

FI*. i. OxmfifcLL 1 kanponvttil vertSkMJ 4 
fifshn^ mftrijtlLtot irf njafisfi c FW rt =" 

I* vttH 19S5 



Diikt moa p*tw DundW p£r ti kjpyw untlim. vetiva manltiikt t 5 
5hkemben)w dbe tE mi pit wh^ror, qt tregc^iet n# Hg 6 , po thlrytwojme 
1 1 dhmat & situdimit petrogmfik dhe tnall^n kimike p?r shpjeguar 
rtsulLate-t t nMMiperriw. 

Analiza ldxuike treg*i « xtherori i fcrupit i trtg«*r nl fig. 4 h pflrft- 

nga fcrwiahpin^lit me Cr^Oj H P M 4- ^ ^ 

_ ia.2*/ 0 . Hapor^i OrsPj : FeO = 0-4; Al^> p^mbw 0.42 — 13-45V 
0^3 — Cr> 4 %; ndErsa trupi i ireguar ni fig 6 pfchgiWM * nf* 
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™ iudtae^^^ST sUttmben)* dh* tnipi 

iE^S^ ’SSjSi *«iX&>i. «■>■» •««“ - 

jtsSfiBKffl-. •*• po ^. p^v^ 

rt - vpriEiet e SfJW" t£ ahlifit vfcrehen gjurmat e minerals ^ 

-XTrin.it tit kmm ihpmelitit i-h* •■JgJ * P* 

&nb^jt* -fetu dhe xeherorin, PSrqlndl- ; e 

5*si * srsasss sssiyss! 

sJib.&ii* e ¥ . __a 1 . +i iu : ^ tp dallohet fare safe. KiiihtU ftiqi 

“ taM * 

i Mit «i treflphet nr fig. Nr. & eahte pjcserish* i shndruar 

O.JSS* .TSSS* T. a. pjrtfcrfM! - « «ny ».g«: 

STpGSSht Uagneliti ododhet ni forme diw-rfeb 

n * rt * Bt ”* * ***** * f£SS^m » .Wrfrobepjve rrethnrt W 

“ ■ tgsrJE&sxESm- —» • —•* - '— ■ 

^HS« verteton dhe nji! here tonklu4«U« * *««w W ,?^SS1 
*nib| impel e kromitit nrund te meneh van* 1 *™“ 
SSSSS $ kSr«omeli nuk tekohen kudo. Ate do te fiMhn n* 

iVSEESXS 

r* -VU ^^benjve dhe xeh^_ 
tin e manietometrlM K etw^rt < 7, , *k-iT« 4 a m PFr te 

2£cL3S U *H« #W mj,,.3 

rSs^i SJf . ”«! s‘^< ■«•"• 1 '* te 008 ■* 
tastes JS&t Em m » — • s*" " e 4 

Kgto remit** negative Ildhen me aresyet e m#p«ht«me 
a) Trupet Mhffore kane dimensions tfi ^g^rie ^port me _h 11 
Hi, Tcnekpeje* si tyre Pra, ekselertaoni l to«*» se gmvitettt, 
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dhe wktesine e arritur, fceto anomali mdc mund ti tiksdhflft 

ve ti l p#rfkq#sii 4 r ngaktfomitl, me piirfttrwt m—ate — (if •» 4 SS jr/tam) 
vinon ri# kufi t§ gjeri dhe jan£ te kfftt me njerl tjetrtfc- 

KkEtiilljntt teortke t£ forefts se gravitetit, kffio Imcikiu- 

adone. N# fig, 4 Jepet kurbu teorlke e p*r truptn e trmltit, qi't 
^Me tifiJiSshtnikr sfudirrdt Vler* fliifcnhnil * e mbi crupan e dh#ne 
Sahtt 0 010 fngi 


FoluixJjuJ 1 pwofcuar dip ntullittt e kiuj nietodr 

Gjat# W vjeteve t# fundit esht# rritur mjift Ltvtereaimi tt-ifc perdori- 
min e matjevo elektrike, t£ njohura nSn emertimbi e polarizimit te pro- 
vokxuar Mendohet se gjate kaiimit te rrvmes elektrUte n£p#r lOrtSn **- 
herona, lindin ne pSrgjitheii t& njejtat lenomene si dhe gjate polarin- 
mil t£ elektrodave. 

Metodfl e pol*ricun)t te pcovokuar u p&rdor nt pArgjithGsi p#r ve- 
lUilumin e antxnalive te potencl&lit natyral dhe protMbiwve te kombi- 
miara mbi trupat e mineraJev* sulfide, per dkUimbi e kAtyre anomali- 
V* nga +*uQcrkAHU e rrsu j# mund t# lindin Hi Knit e kontaktev* 
a^iiiilki Att ip * Mjrmv* Mntnktore fig. 7 (I) (38). 


? *■* ■ 1 m t>4l^ Til lulHti i h, * 

»*«-+k*«i4ri 4 ■/# •■ Et >4 ' 



t jitkti^Ai 



til. 7 OmrUtu ] potebdaltt W TvwhH Clrktnke m^rm> pfe rtjnta B. »- 

l*tlv mund 14 Jidhti « me tiuiilanofei ft srhamrijliELSt nUftd « me felQefWtt m. 

Ptrpunimi i mrUxtikes se polarizimit te provokuar eshLe b#re n£ 
dy d re J time N* B R S S kryoisbt pSrdorur nyma e vaathduar, 

kurse ne shtetet e penendlmit jan^ pendorur impulse te rrymes se vazh- 
duar me penode ifckurt£r dhe rryma alternative (sinusoidal^). NS 
Yertdin ton# Sshte pSrdorur deri tani rTyrrua e vazhduar. 

Teona a metodes sS potanckalit te provokuar eshte pirpunuar shu- 
ra# pat £dhe per variantin me te thjesht# dhe m# te p#rhapur t# me- 
tod Si $S polar! zimiL te provokuar, n# fcl dlln nyma poladm^se Siht# 
rryma e vashduar h mbetet akoma teohkhht e pa studjuar. 

Pununat jo tS shumUi (3, 6, l! p 1» T li F 14, ii, ao, *1, fa') 9 # Jm# te- 
twr n# knh#n e sotme kanf kamktef dllkutiir' T ° 1 '' " 
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y Mto punimo t«gohat pdodpialaht panundtalja • pM»im« « 

Jaal pir kwlbiHmln teortk t£ fudhavt tl potorUlnllt 

fi Eyonkuif tl trupavB me lonnt tf thjahtt gjeoaietrikt (t) (11). 

Pujilm* aknerlneitale mi tnttodtoi i polarinclltt t* provokuar tek 
j .^,1 ftfri nl vitin JAM dh* 1B62 af vend-burimet e b*toit, a * pjw*ti 
rtrtore t* SboIpCrici {18). 

BwlUM • kfttrr* punlmem ms metodat e poteacialit o*tyral+ pn>- 
fUtmat e kMBWaiun adEe polaridmln c provokutr, pvaqlten Hi tig. B. 


t*yiL^ir { ^ | ri| f Ih t f£ ^Ql(t d ^V ^4 



Qlgllil - mm 1 T T| Ium** ^ ^ * 





# 


■ ki 




S3 “*• 


n» ■ M« 



hfL- * IMkmv* H nm Hi, pft 


10 



62 


$**** >** *** MMlixt « ketjn* rtaiiyii' i, 

pvaadkf n* luJtajixairi Ti i im me p Mite • lyre 

ZtHtlml 1 metodEs aE poLuiihnlt tft a wn fa ur pEr eWtWi ■ ato»- 
nJtWjnJt rtilfid nuk Cshti kaqf i Oijafthtt, *1 inMiil M iluM im M «««■ 
aE Urt, Nj8 n^a artbyet eshtt m edbe mbantot * tjn gjyavE per- 
Pifcs st gniflti, rrsagnetitl dhe ptrotuiltl Jirpfrj «|«fcM * Dfjajifastt tl 
polariztmJt t* ptOVokTIAr. Nga nionJE hart efckttv * pcferMciit t* pro- 
votcu&r mund t* vEreJmE «D»* it}* ku mungujnf ijinl 

petVUes. 

8#ht* pfettktuar *> maturUlrt qE poI*H*ahen nujn# pEr nj« Cut 
babe Dgirtmli ■kktrikc itba mbaai ts nd£rpritet dsyiml I nymli 
elektrUot. if# mmc§, feratnezd qfi vrojtohet paraqct rtf vet veht* gr»* 
dla^tin a tnfilopjE, por kjo gji aJcoma nuk do H thot# w tf vCrteti 
kjo fehtt ngarkeal elefctriJw, nt? fakt do tg bttl «nd nji far# ijfcfiife 
Efekti t polarizimlt t# provoku&r mund t§ kcnMatotel rl jptmbulllm 
*# cnorgjise ne mat-erialtl gjate kalimit t£ trymfra dh* qg cakdrusht njl 
p]es^ e cUrotiet n£n veprlmin e ngarkeuiEs p*j iUklmit » rrymg* [5) r 
Ekastojng pees lloje te gnunbulIimJt t# ener^isf: *lektrike H man]ettfce P 
mekdmike, termfke dhe kimlke. Ka mundtsi q£ n€ poLvixtmin e prow- 
kuar t4 marrin pjesi t# gjitha Uojet e er^rgjLs^ {*), 

Gruvnbulllnal 1 energjial eJektrike #b* Idmikc jan# format mg te 
th^ahta 14 efektit t* poUrMntt ■ pt#>Mr t qg lidfacn direct me ml- 
Wiftlet plrviMH dhe 4 # i« me polartaimln e elektraJave 

FMvtekt kj M i polartnirdt 14 pcwokuar pirtoret p#r kirklmtn 
e wUmrmkiP¥ rulflde U bekrlt. 


'qetSr farm# e grunibulliniit tg Enei^jlse feht# grurnbuillml 1 ener- 
a* ftjjhtn manJrtJke. Eshte njoKur, $e iiyoi i eicktrlkA gjithrn^i 
Simu tetefri M^4»ka p dhe se kur adtrpritet rrjma, futhl manjctike, 
^ wfc» ^ grumbulluftf n§ fomten e Kiiergiifit 

***** t* jet# shum# 1 komplikiiar neqofteae gjeome- 

wnk auk £aht# e rrtgulJt#, por pgr format e 
thjeabta t# «jy*»g h fia ih km t# mSra e 1 4 thjeshU (5> 

qoftese n4 puniiael p #r torm Amt, nl t# dial ^r kt rHrt 

vendown gj&te nj# vt J* t* ttMvt «faktrommnj«tikE aga 

pikepamja cilSsore jan4 te ngjajih^m n« e polvtdmit ti# »mt 

minerals (5). 


Format e tjera ti g ruin bu H tmit t* enerjpime kan# Hdhje me feno- 
menet elektroosmoUke, termoelelrtrSkje. t# dlfimcmU dhe 14 polarlximat 
tg membranes. KCto forma pgr^hkmhen mjaft mlf# n^ puntmin t 0- i. 
MarDash dhe Th. R. Madden 


Polariziinl 1 provokaar n# kromfite, nimdojia# at ka lldhje me gram- 
tullimln e energjlai lirktrlke dlhe khnlke, me pma e u cfa a magnatltlt, 
q# rrethon nf formal * dpave kokrtrat & krcmltft (ahif. fig, a), me ekzia- 
tenc#n t Un^mJttt ft# duti nl e bnave ti- hdU, ku 

mundet, tf EkdeAt p^fflbulllml i energjlse n£n veprimin e preeioneve 
Qemotikr. Mund ti tanuencajni edhe farmet e tjera 14 grumbulilndt ti 
energji*#, . 

Punimet elektrOfnetrike u b^hffl nl dy n4 Jaborator dhe ng 

fUih4 r Punimet laboratorike kishin p#r qillim pfrpuniinln e metodikia 
sii vrojtimit (the vertlikimin e multateve t4 ardtura me fciti metodg 
pgr trupat pervu&s nga studjonjiaJt t huaj. 

Punimet fushore u kryen mbcl n)i trap t# knomltiv, forma e tl dllt 
hhtl plrcaktuar plotgslsht nga punimet mtnerare. 
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Ifht* 4 wipe* b>r« k*h* q* HH** ** W* 

nttfi ahJcmta nl tok§ tah^B minute _ 3 

K£to binAuKtu U irf mitf& (faprftaiflfttAl# ___ _ 

pfr fc£ii dak* BiWtw rtymp&n * B^arkesfe lag ^ ft * n * w " 
wigy S, Cki Wp 19 *b* 10 minutL 

Kjahft optimal* * n g rtah Mhte D mlnUt*. , Ub 

p#f t^ca^tuw nymfln e ng»rt«sK dul» mbd j U*r hocwitan 
_ ..-nrVr rgn T im - Cub* ngarlrimi »t 1, 2, 3, 4, 5 dh# » *mp«r&- S« 
rinkf T^fltfur^ * poteneUU i pcovokuv n* Wlfa ^nftfi 

^y.',. ., _ iti,, *a ufutWsH rrltet pQtbujJ it ^ itmi Up**rt< 
^TltUni I p«vo2Stt fri iw pergjJtbhl kflfi-tant dht fill® ti rrfiot.pak, 

wttm mb** Jn« ■ b ampei* 


4 if H#« 41 # p #- 

jVa^s ifmrt ti „* 

11 - P*/*+r*#f* t 

* prtfnc4*m dha poliririBfJt It t* 1 
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3?*^ 4 *“ V* ta* 4 kurb * • horfWontll tl pokriilrait tf «*- 

i S'vlertf 0 ' ^5?™ «!' L “I tn 2i l **-». Pol«lSS 

vwrftt tj - 3.3% TO »nln tnipit x«heror dh* 

St[?J wS?*^ ^ n# s-b%. Mbi pj J; *HSw * 

££| m. inn^h MCTld0 3^ q« kjo rritje e theUalr « pofariSSt S 

Wjnm* influaiceh e pj«*. dp*™* tt tnipit, * dt, fchiH2\f£ 




S3 *— ** 

E3 J—"* 

£3 ^s* 

' ’■ -**- rtnP 

FH. 10 OflfMt t Prim UV t* pDUrlzJmlt tl pHvokiw A* MlncUh Citato 
Bf VuUmrltnln • krwrit -H*. — 


K£ahtu mbi trvpin zahcror fltohet njjt uwauli e pdaridmit te pro- 

“ e ™pU»ud* m**»t«r£ihi 2 - 2 . 9 */, at t»p*r se atom e per- 
gjfltahgm- ^ 

fi* 1M3 dhanS me ketS metnde rezultate positive. 

MeflJ3th£kgt£ h vltn W thtk^phet ac punlm^ janE lyyer nj# 
objekt, Nf 1# AHhethm^i duhet t£ kitersilikoh^n keto Vetem 

nit Ktt m&nyrt do t# perpunotiet metodika fushore dhe e ixiterpretimit, 
* ^ ®dhe jMhW ihletit eshte nS Jaie ekaperumentale dhe do te arri- 

Vootliiiion* tl plot* mbi eiektivlt&titi e kfoaj tuetod# o*r k^rkirtlin 
e kroadteve, 


nvKunon 

Pjtfrimet eJnfizUce tl vnduuni nfr feromltet d*r\ ns koh#n e aotme, 
tin# dft&e rpmltate t# ndryshm* p£r objektet * studjuaia Ka patur re- 
nutate oj*atlv* dhe poiltiv*. IXii* u mbCshtetyr nS anally V dh&nl 
^ Ur\ kml amtur nl k#to konkluiione' 


go 
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1) Jo ni te cjithe objektet do t» filuohet «wnrt*ll e fushfe 
tike dhe grsvlmetrike. Te tills auC-mali do t* merwn nS ato 

ku trupat xeharore kant* dimensions t£ kunsideruehbme ne j_ 
thalleaJTe * vendees se tyre, shkembenjt* dhe ^herorSt te t ta* «ti 
lirike (pradspoiitet manjetik dhe densitfit) te da,,ut^h^n r.ga t]e ■ 

2) Mbi tnipin qorr t£ kremitlt u muarr . e * 

provolrtiar Kjo gj^bap perepektiven a perdunmil '<■ «*•'. metode la re 
p6r kerkimln e tmpave qorre te krona it. , 

3V Relievi 1 aksidentuar til efekUvitetm * pumnie.t *,j™rizike. ai 
shkakton deformimm dhe bgrjen Jo te qetv te fusbave g™vi- 

rnetnk* d he elektriktf. c . * * 

Ni* p4riundim te ketij punimi, duke u baiuw ne remote. * «m 
turn deri me sot mbi pirdorumo e metodave gjeofizike per ktraimm t 
trii pave qor» te kromiteve, per te ardhtnen rekomandojitiO; 

\\ vftzhdojne punimei eksperlmentale metoden e polyim 
li provokuar. PSr ketc duhen kryer experiment*! ne diaa #Ml»| 
kmhte te ndryshme tS vendosjes s* trapi* *Aem. 
dhe perberje mineralogjike te ndryshme, etj, Duben vazhdu^^pui^roet 
laiwiratAnke pgr te krytt pufiimct fu-thore dhe kboratirlk* ^jhta • do™ 
' oe aptntun fluiituMt tC modilUtohet dk* te aplikohet pir 
pi i ndrr L i« pi(nntfW p#rdorimin f uj ne itiftMftt 


'*"P <****»-■ wi o 1 iir n *‘ kuundinun me puntroat gravtmetrike 
**' * rewm hi. disa objekte te ptnht*t*h«n Wr Ml*' 

wut. d* ralrtn W >*« i iheshtfe, i kategoriafc *4 Il~« *h« t* 
mikroreliev) t* Jett i qett, trupat xeherore te kenft dimenatm* t* konsi- 
(jtnxihnM n# mport me thellesinS e vandosjes *S tyre . 

S) 1»*r te kryer woltimet fushore me kett metodS esht* e domou- 
SMhme epe meljet t* kryheo me aparate pregiziom, man]^metera, qe 
kmt* vterfn « aj* ndeejeje rt»ih 10 gama dhe gravUnetr* <j6 k«iif sak«- 

itudlmet labors tonka petrom^jetika Pjr « njo^f 
h mS mlrS vetiti lirikfi » •hkembanjvu, e dla Wi« konditd krye«re 
db* e domoBdcshme ns interpietimin e dh*Mw tulbore. 


BiatlOQB AFI 

t X Trubftrl — «Al0«t l punlmt tft fcnwi ff ^ 

|. A. FT*rt*l 4h( XuJtttlb- roodl I Topogra f ke TU^nj 

» —»"S 

i sjsss? Xr «—> 

». D XK MABSHAuT T. K UArtDDT -frbiela] vlrT*Qci (rtlfc- 

6 it i.1 jtLTQl -RapOTl eJccllO*J1t mbi Kliwllmm e v+ndburtmlt « Vlwwa- t!B* 

ArtMva « EJiapedim fiketlogjili* Ka» Trope*. 

7 PISCE21 S- *Zakl JuciteLft I J otfjol p<t r**vj*dt« hi fOhilt(re v ^^everno A :t ami - 

LelprH 105T. iTcmdl i Minimi* * Hiplerave d6eGl«l' o*Mt 

* -In*tmJiilc»n OiW itivllltnfttn * puftlinev* eli*mnn*trtke ftS BPSH- 

a -ImtrukBion pnbt ihvilttmm e pununev# mani*toin^eniLP rt* HPSW j 

• JAKUBOVSKU I -IAKOV -EWlttioriivJedW 19^ ^ 1 1 

KOMAHOV V A- '■BlmwfiU teoril- Sftnioda vr*v»ne! po aj-i*c1i- TrWl ■ -J \ 

91MBit I MOtfcvt 1941. 
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1> Jo □£ te Blithe objektet do te fUmohet uioindl e fuahfc 
tike dh * gravimetrtke. Te tills anomali do & memn. n5 ato vend-buriin« 
ku initial xchctvrc kanS dimensioliS t# kurtsldtruisfunt ne J 

S«S « ty™. ««h«TW« “ “2? 



ptr keridmln e tmpave qorre te kromil. -,-Mirite Ai 

31 Rclievi i aksidentuar ul efektivitetm * purnni^,. j.jeolmke. ai 
shkskto n defonnUnln dhe birjen Jo te qe-tt te fushave grsvi- 

metrike dhe elektrikfi, 

NC ugriundim t* kStli minimi, duke v bamsr ne renj.iste. e sm 
tura. derl me 401 mbi pi-fdoriniirt e metodave gieofiiike per ktraimni e 
tnpave qorr* te kromiteve, per te ardhmen rekomandaim*: 

l\ T* vszhdoine punlmet eksperiroentale me metodfen e poUrUJmit 
tft proirokuar. PSr kSte duhen kryer el«pcriment*t ne dia* 
kJhte te ndryshme te vendees 3 * tnipit **he«r. 
dhe ptSrberje mbieralogjike te tidryshm*. etj Dtdim v*^du£ pu*m*t 
liborfctorike Ptfr te kryer punimet fushore d he liborat&nke £ihW * do- 
SJq" aparaturt *L*tu-e te modifikohet di* te aplikohrt P*r 
Vtedi I ndrrsar F*e r "J "* m etodat 


T r*H*l*»- 


n-*i T , x*r np fc^ntinu:; me puittiiKt gtavimetrihe 
All * nM.^. r*<- disa objekt* t* pershtitshem P#r k*t* k0r- 

.OIHI. q* Rjtm w *■«* 1 iheshte, i kategonaU *6 Il-t* ** t* 
mjkroreUe* te Jeti 1 qet*, trupal xeherorS te ker* dimen**^ te kumst- 
dcriwhroe n* nport me theUftsinl! e vendosjea ** tyre- 

3) per t*- krysr Trojlimet fushore me kSte metodE esMB e doffvQB- 
tehmt q* mat jet te kxyhrn me aparate pre^iiom, ipan]etom*^r^qe 
kaine vfcrfn e ni* nd«l«j* n-eth 10 Rama dh* gravtmetra qB kan* sakW- 

'* nt e) f Te liUolrae itudlmet Uboratorike petromanjetike per tB niohur 
4 m6 noire vetite liiike ta ■hkhmbenj™, b <dl« *^hte krmdite kry«ore 
dbe e domoudoshme Interpret: min e te dh*n«ve fuabore 


l. A rwbtfl 


BIDtlOQBAPl 

Mrsit OJ*TopoS^i|« r Ttr*n«- 
^ f*ndL 1 FlSH.GJ Topn^rsJLfc* 

■ dahnov v tr owiepijw™ . 

e. D, XH MARSHALJl" T M ^MAD«K -Prtnelaj vomthnovftbt* vtxraiwj pola- 

4 H, bt/tlrlQl ««£eiik , mt*i abuJtorla e vfridtnuimit 1 * Vianet lB«J. 

K«n TWppoJ*. AihAntY- 

7 FlSCEa ff. -ZiXlju^teUilJ clfjol pen raivj^te Jjromltov v ^ AID^nJi 
letluxla IflST. Fcmdll 1 Mlni#tri** rt fclinkrtvt dbc Gi«lD*jLrf. 
t *ln»t™JtiLon rnbi tbiri llimin « punSrrw^ t ^Lft^tPDinctrt^ rbd »P5H- 

* ^Ittttruioicn mbt (hirtllLmlji c pwilnwv* ffi*nkt«Wtrto wi RPSH» 

* JAltUBOVSKU UAJiOV *E Sartre r«vj^dk*r- Hn»kv» v ,-r 

K-OUAR0V V A. -EieiTWJlU £«!«)» viTvirt*! pr- Tnjfll 

SbAOli 3 btosltrvft iMi. 
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DY MENYRA PER PERPUNIMIN E REZULTATEVE TE VROJTIMEVE GJEOFIZIKE ME 
NDIHMEN E MAKINAVE LLOGARITESE ELEKTRONIKE* 

Frasheri A., Beqiraj G., Vejsiu Y., 

Permbledhje Studimesh, Nr. 4. 1973 

Shfrytezimi i makinave llogaritese elektronike krijon edhe per gjeofiziken mundesi te medha per te 
shpejtuar dhe per te saktesuar perpunimin e te dhenave te vrojtimeve fushore dhe laboratorike si edhe per te 
thelluar e zgjeruar interpretimin gjeologo-gjeofizik te ketyre te dhenave, 9 ka ndihmon ne rritjen e 
efektivitetit te kerkimeve gjeofizike. 

Drejtimet kryesore, ne te cilat mund te kryhen sot tek ne perpunimi dhe interpretimi i te dhenave te 
gjeofizikes xeherore me makina llogaritese elektronike jane: 

1. Llogaritja e koeficienteve te skemave te profileve elektrike te gradientit te mesem dhe e koeficienteve 
te tjere, qe shfrytezohen ne barazimet e perhapjes se fushes elektromagnetike. 

2. Studimi statistikor i plote i rezultateve te percaktimeve petrografike te xeherorit dhe te shkembinjve 
rrethues, per te percaktuar ligjesite e ndryshimit te tyre: lidhja ndermjet vetive fizike dhe perberjes 
mineralogjiko-kimike te xeherorit ose te shkembinjve: keto te dhena bejne te mundur qe te vleresohen 
kufijte e ndryshem fizike dhe te gjykohet mbi anomalite e pritshme, duke studiuar edhe natyren e 
fenomeneve te vrojtuara; 

3. Perpunimi statistikor i vlerave te parametrave fizike te vrojtuara, kryerja e analizes se trendit dhe 
ve 9 imi i anomalive, te shoqeruara edhe me vleresimin per shkallen e besueshmerise se tyre; 

4. Llogaritja analitike e anomalive te fushave fizike mbi trupa me trajta gjeometrike te njohura dhe te 
thjeshta; 

5. Transformimi i fushave etj. 

Natyrisht, eshte akoma heret dhe kerkohet nje pune shume e madhe per te pervetesuar e per te perpunuar 
metodikat e nevojshme te pershtatshme per makinat llogaritese elektronike si dhe per hartimin e programeve 
per keto makina. Megjithekete, per disa nga problemet me te thjeshta, jane hedhur hapat e para dhe jane 
marre rezultate te mira. Jane hartuar programe per studimin statistikor te parametrave te matur, per filtrimin 
e anomalive te frekuencave te ndryshme, per llogaritjen e parametrit kompleks, per llogaritjen e 
koeficienteve te skemes se profilimit te gradientit te mesem etj. 

1. Filtrimi i anomalive te frekuencave te ndryshme 

Fushat fizike shpeshhere jane shume te turbullta. Kjo gje eshte pasoje e mbivendosjes se anomalive te 
"frekuences se larte", qe shkaktohen nga heterogjenitetet pranesiperfaqesore ose nga mikrorelievi, mbi 
anomalite e "frekuencave te ulta", qe shkaktohen nga objektet gjeologjike qe kerkohen. Ky turbullim 
shprehet me dhembezimin e grafikeve te intensitetit te fushave fizike, i cili veshtireson interpretimin e tyre, 
pra krijon "zhurma" me nivel dhe frekuence te caktuar. 

Qe te nxirren ne pah anomalite e shkaktuara nga objektet qe kerkohet, duhet te ve 9 ohen anomalite me 
frekuence te ulet nga ato me frekuence te larte. Ky ve 9 im mund te behet me menyren e "filtrimit". 

Per te kryer filtrimin ekzistojne shume menyra. Ne eksperimentuam menyren e "mesatarizimit 
rreshqites". Ky filtrim lejon: 


Botuar ne Permbledhje Studimesh, Nr.4, 1973, f. 83-96. 
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a) vermin e anomalive me frekuence te larte nga ato me frekuence te ulet, percaktimin e amplitudes se 
seciles anomali dhe ndertimin e grafikut perkates te ndryshimit te tyre ne te gjithe sheshin e relievuar; 

b) shmangien e anomalive te rastit, qe fiksohen ne nje ose ne disa piketa te nje profili; 

c) regjistrimin e anomalive te dobeta. 

Mesatarizimi u krye me peshe ne piken e vrojtimit. Ai mund te jete rreshqites linear ose siperfaqesor, qe, 
perkatesisht llogaritet me keto formula: 


uti 

4 = 


un 

4 = 


u 

2 

U 

2 


A + 

A, + 


\ 


A - 1 + 4+i j 

4+2 + 4+i + 4-i + 4-2 ^ 


ku: 

A - vlera e parametrit te matur ne piketen i; 

Ai - vlera mesatare e parametrit ne piketen i te nje profdi te caktuar. 


( 1 ) 

( 2 ) 


Skemat e kombinimit te piketave per mesatarizimin linear perkatesisht tregohet ne fig. 1 . 

H 1 1 1 1 1 1 h 


i-1 i i+1 i-2 i-n i i+n i+2 

Fig. 1. Skemat e mesatarizimit rreshqites linear. 


Ne rastin e mesatarizimit siperfaqesor, formula llogaritese ka trajten: 


LIU 1 

Aj = ~ 


Aj + 


4-i,/ + 4 i,/ + 4,/ 1 + 4,/ 


7+1 


V 


/ 


(ij+1) 


( 3 ) 


Skema perkatese e zgjedhjes se piketave eshte treguar ne fig. 2. 

i 1 j+1 


( i-l,J ') Aj) 


(bj-1) 


j-1 


Fig. 2: Skema per mesatarizimin rreshqites siperfaqesor. 


Nga barazimet e mesiperme duket se per piken e dhene mesatarja rreshqitese formohet ne rrugen e 
pergjithesimit te rezultateve te disa pikave para dhe pasardhese. 

Me qellim ilustrimi, me poshte po ekspozojme vetem programin e mesatarizimit rreshqites siperfaqesor, 
sepse ai eshte me tipik: 


BEGIN REAL Ni, N 2 , M u M 2 : INPUT O: N b N 2 , M 1? M 2 ; 

BEGIN ARRAY A [Ni, N 2 , M u M 2 ], AM [Nj+1, N 2 -l, Mj+1, M 2 -l]; 
INPUT 1:A; 

FOR I: = NI + 1 STEP 1 UNTIL N2 - 1 DO 
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FOR J: Ml+1 STEP 1 UNTIL M2 - 1 DO 
AM [I, J] : = 1/2 X A [I, J] + A [I + 1,J] + A [I-I,J] + A [I,J - 1] + A [I,J + I] (4); 

PRINT 3: AM 

END 

END 


Ne kete program, instruksionet BEGIN dhe END perdoren per te sinjalizuar flllimin dhe mbarimin e nje 
bloku llogarites. 

Instruksionet REAL Ni, N2, Mi, M2; INPUT O: Ni, N2, Mi, M2; i japin makines, perkatesisht, numrin 
fillestar dhe numrin perfundimtar te piketave (NI, N2) te 9do profili si dhe numrin fdlestar dhe numrin 
perfundimtar te profileve (Ml, M2). 

Instruksionet ARRAY A [Ni: N 2 , Mi: M 2 ], AM [Nl+1: N2-1, Ml+1: M2-1]; INPUT 1:A, sherbejne per 
futjen ne makine te vlerave te matura te parametrit per te gjitha profdet si edhe per pergatitjen e makines per 
te llogaritur vlerat e mesatares rreshqitese. 

FOR I: = NI +1 STEP 1 UNTIL N2-1 DO 

FOR J: = Ml+1 STEP 1 UNTIL M2-1 DO 

AM[I,J]: = 1/2 x (A[I,J] + (A[I-1,J] + A[I,J-1] + A[I,J+l])/4, eshte instruksioni qendror i programit. Aty 
jane pasgyruar me besnikeri si skema llogaritese, ashtu edhe kufite dhe rregulli i ndryshimit te numrave te 
piketave dhe te profileve. 

Me ne fund shtojme se in s truksioni PRINT 3: AM sherben per te nxjerre ne shtyp rezultatet e llogaritura 
nga maqina. Rezultatet dalin ne trajten e nje pasqyre te ndare ne grupe sipas profileve. 

Programi eshte shkruar ne gjuhen ALGOL, me te cilen punon makina elektronike kineze e tipit DJS-7. Ai 
presupozon qe ne te gjitha profilet numri i piketave te jete i njejte. Ne qofte se te dhenat fushore nuk fillojne 
e as mbarojne ne piketa me numer te njejte, atehere, si numer fillimi (NI) merret minimumi i numrave 
fillestare per te gjitha profilet dhe si numer mbarimi merret maksimumi i numrave perfundimtare per te 
gjitha profdet. Per ato profile qe jane me te shkurtera se sa profili me fillim ne NI dhe me mbarim ne N2, 
piketat ne te cilat nuk jane bere matje, mbushen me zero; pas llogaritjes keto piketa nuk merren parasysh. 

Vlerat e matura te parametrit radhiten sipas profileve, duke nisur nga ai me numer rendor me te vogel. 

Perpara se te futen ne makine, vlerat duhet te kalojne neper dy procese: 1) ne kodim dhe 2) ne perforim. 

Menyra e kodimit eshte mjaft e thjeshte, sa qe mund te kryhet fare lehte edhe nga nje teknik qe punon 
jashte Qendres llogaritese. 

Per te sqaruar metoden e kodimit po tregojme disa shembuj. 

1) numri +32,49 kodohet 032492; 

2) numri -4,329 kodohet 143291; 

3) numri +34,8 kodohet 034802, 

Si9 shihet nga shembujt e paraqitur me siper, shifra e pare paraqet shenjen e numrit 0 per + dhe 1 per 
shenjen -. Shifra e fundit paraqet numrin e shifrave qe ndodhen para presjes dhjetore, kurse zona 
ndermjetese e kodit formohet nga shifrat e numrit. Ne kete menyre, te dhenat e koduara perforohen ne nje 
shirit letre te posa9me. Ky i fundit futet ne makine pas hyrjes se programit. 



Lloji i mesatarizimit linear apo siperfaqesor zgjidhet ne varesi te privijezimit te anomalive dhe te 
permasave te tyre. Keshtu, per shembull, per te "sheshuar" lakoret e rezistences se dukshme te matur me 
anen e profilimeve elektrike te kombinuara eshte perdorur mesatarizimi linear peseintervalesh (fig. 3). 

Nga fig. 3 vihet re se mesatarja rreshqitese fsheh maksimumet dhe minimumet; lakoret e rezistences se 
dukshme behen me te rregullta dhe "kryq, i drejte" dallohet me qarte. 

Te dhenat e relievimit siperfaqesor magnetometrik, kur kane ekzistuar anomali lineare, jane mesatarizuar 
ne plan (fig. 4). 

Ne lakoret e mesatarizuara, qe tregohen ne fig. 4-b, dalin me ne pah anomalite e vogla qe shtrihen neper 
Pk 20 dhe 50, lakoret behen me pak te dhembezuara dhe minimizohet ndikimi i heterogjeniteteve te 
padobishme. 


Anomalite e "frekuences se larte" nuk jane gjithnje "zhurma" qe duhen "shuar". Nganjehere, ato 
pasqyrojne ndertimin shumeheterogjen te shkembinjve dhe mund te sherbejne si shenje dallimi i llojeve te 
ndryshme te shkembinjve. Prandaj, ne keto raste, pas mesatarizimit rreshqites, per te gjitha pikat e vrojtimit 
llogaritet madhesia e anomalise me "frekuence te larte". 


Pastaj ndertohet lakorja perkatese per profilin. Per keto te dhena, llogaritet edhe shmangja mesatare 
kuadratike: 

( 5 ) 

e cila lejon qe te vleresohet ne menyre sasiore ndryshueshmeria e parametrit fizik me frekuence te larte te 
matur mbi lloje te ndryshme shkembinjsh. 

Menyra e filtrimit te anomalive, me programin e mesiperm, u perdor edhe ne dy sheshe te medha, per te 
perpunuar rezultatet e vrojtimeve magnetometrike dhe dha rezultate pozitive. 



2) LLOGARITJA E PARAMETRIT KOMPLENS TE FUNKSIONIT PERGJITHESUES. 


Ne vendin tone, per kerkimin e xeheroreve perdoret nje kompleks i gjere metodash gjeofizike dhe 
gjeokimike. 

Ekzistojne disa menyra per te paraqitur rezultatet e studimeve te shume metodave ne trajten e nje 
funksioni pergjithesues te vetem, duke llogaritur nje parameter kompleks (T). Ne kete parameter 
kompleks pergjithesohen parametrat e disa fushave fizike ose kimike te vrojtuara. Prandaj, para se gjithash, 
shmangen dallimet ne permasat e parametrave te matura te seciles fushe ne ve 9 anti. Per kete, ne literaturen 
perkatese rekomandohet (5) perdorimi i treguesit te kontrastit, sidomos per anomalite e dobeta, i cili 
llogaritet me formulen: 


q _ An 

iJ S(A t ) 


ku: Ay - vlera e parametrit i te matur ne piken j te vrojtimit; 


( 6 ) 



.Eg. 


A s ; dhe S(Ai) - perkatesisht vlera e sfondit dhe shmangia mesatare kuadratike e parametrit ne 
fushes normale. 


A 



o 



/ * 

» / 




zonen e 


Fig. 3/a 

Fig. 3: Lakoret e rezistences se dukshme sipas profileve elektrike te kombinuara. 
A - Mbi nje zone me mineralizim sulfuresh me pikezime ne rajonin e Pukes. 
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Fig. 3.b 

B - Mbi nje zone te mineralizuar me sulfure ne rajonin e Kukesit. 
1- Pas mesatarizimit; 2. para mesatarizimit. 
a. diabaze, b. spilite, c. zona e mineralizuar, 9 . eksituesi. 
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Fig. 4/a 
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Fig. 4/b 

Fig. 4: Lakoret e komponentit vertikal te fushes magnetike para mesatarizimit (a) dhe pas mesatarizimit 

siperfaqesor (b) 

Ky tregues lejon te merret parasysh intensiteti i shfaqjes se sinjalit te dobishem ne sfondin e zhurmave, 
duke e paraqitur kete intensitet ne madhesi pa permasa. 


Nga llogaritjet teorike te bera dhe nga eksperimentimet e kryera eshte arritur ne perfundimin se ky tregues 
duhet perdorur vetem per S(A,)>1 . Dhe kjo, jo sepse formula nuk eshte e vertete, por, sepse nuk eshte i 
drejte zbatimi i saj ne intervalin 0<S(Ai)>l. Nga formula 6, duket se kur S(Ai)<l, treguesi i kontrastit 
zmadhohet sa me shume qe i afrohet zeros S(A,); domethene, sa me homogjene behet fusha fizike. Ky 
perforcim i amplitudave te anomalive "pa permasa" i vendos ato ne kushte te pabarabarta per metodat e 
ndryshme te perdorura, mbasi dihet se rendesia e anomalise varet jo nga shmangia mesatare kudratike e 
parametrave te matura ne zonen e fushes normale, por kushtezohet, ve 9 te tjerave, nga amplituda e saj mbi 
prag. Per te shmangur kete te mete rekomandojme qe kur 0< S(Ai)>l, ne vend te treguesit te konstratit, te 
perdoret parametri i shprehur ne milimetra: 


K,J __ Sh7 


ku: Sh A - shkalla e paraqitjes grafike te parametrit A;. 

Per parametrat e kompleksit qe kane S(A,)>1 , rekomandojme te perdoret treguesi i kontaktit, qe shprehet 
ne milimetra: 


_ ^ij ~^si 

iJ sh A 5(4) 


Ne kete menyre, njekohesisht, merret parasysh intensiteti i shfaqjes se sinjalit te dobishem ne sfondin e 
zhurmave dhe anomalite mbiperforcohen "artificialisht". 

Funksioni i pergjithesuar i treguesit kompleks zgjidhet duke pasur parasysh qe te siguroje ve 9 imin me 
qartesi te mjaftueshem te sinjalit te dobishem dhe, njekohesisht, mbytjen maksimale te zhurmave, duke 
perdorur formula te thjeshta. Pra, ai duhet te nxjerre ne pah anomalite e fiksuara me te gjitha metodat mbi te 
njejtin trup. Sidomos, duhet te perforcoje anomalite e dobeta dhe te zvogeloje veprimin e anomalive 
(zhurmave) qe kushtezohen nga objekti joperspektive. 

Per llogaritjen e parametrit kompleks T, njihen disa formula, te cilat marrin parasysh edhe llojet e 
ndryshme te trajtave te shfaqjes se sinjaleve te dobishme, qe fiksohen me metoda te ndryshme mbi objektet 
xeherore. 

Ne kryem eksperimentin per rastin kur sinjalet e dobishme kane trajte afersisht te njejte, por shenje te 
ndryshme. Si model na sherbeu nje trup prizmatik kalkopiriti, me dy permasa, i vendosur ndermjet 
diabazeve. Trupi ka trashesi 2b=5 m, zgjatet sipas renies 50 m, ka kend renieje vertikale dhe ne rastin e 
pare, skaji i siperm ndodhet 5 m thelle, kurse ne nje rast te dyte, 25 m thelle. Trupi ka dendesi mbetese 0.74 
g/cm , polarizueshmeri mbetese 38% dhe magnetizem mbetes 1900 x 10' CGSM. Ai i eshte nenshtruar 
procesit te oksido-reduktimit (fig. 5). 

Si 9 duket nga fig. 5, mbi trup fiksohen anomali te A U FEN , rj an , Z, W zz , qe jane shume te dobeta kur trupi 

eshte vendosur ne 25 m. thelle. Afer trupit zeheror eshte supozuar edhe nje tektonike shkeputese, e cila 
shkakton anomali intensive te FEN. Per te llogaritur parametrin kompleks perdorim formulen 5: 

j , = |^|+|5+|c|+|d 


( 9 ) 



Nga lakorja e perllogaritur e parametrit T, vihet re se perforcohet anomalia e dobet qe shkaktohet nga 
trupi qe gjendej 25 m thelle dhe shmanget anomalia e FEN mbi tektoniken shkeputese, e cila nuk eshte 
fiksuar me metoda te tjera. 

Kur nuk kerkohet te "shtypen" anomali "joxeherore", per te llogaritur parametrin T mund te perdoret edhe 
formula me e thjeshte [5]: 


r = |.d|+|#+|c+ +\d\. (io) 

Baze per programimin eshte formula 6. Por emeruesi i kesaj thyese ka nevoje per t'u zhvilluar me tej. 

Le te jene B \ , B ' 2 , B‘ m , vlerat e sfondit ne zonen e fushes normale. 

Atehere, shmangia kuadratike mesatare e parametrit jepet nga formula: 


s(4) = 


Zw - A ) 2 

I K =_ 1 

m - 1 


( 11 ) 



82 




Fig. 5: Anomalia e parametrit kompleks (T) mbi nje trup kalkopiriti, qe eshte vendosur ne thellesi te 
ndryshme. 



Fig. 6: Prerje gjeologo-gjeofizike e nje vendburimi me zeherore masive sulfide bakri, qe lidhen me 
formacion efuzivo-sedimentar. 

1 - lakorja e parametrit kompleks T; 2 - lakorja e potencialit te fushes elektrike natyrore; 3 - lakorja e 
koeficientit te polarizimit te provokuar; 4 - lakorja e rezistences se dukshme sipas profilimeve elektrike te 
kombinuara; 5 - lakorja e komponentit vertikal te intensitetit te fushes magnetike; 6 - lakorja e forces se 
gravitetit; 7- lakorja e permbajtjes se bakrit ne aureolen dytesore; 8 - rreshpe argjiloro-strallore; 9 - diabaze; 
10 - kapele hekuri; 1 1 - trap xeheror me teksture masive; 12 - tektonike shkeputese. 

Te dyja keto formula (6, 11), programohen sipas parimeve te njejta, qe u paraqiten me siper. Ne program 
parashikohet, gjithashtu, edhe llogaritja e parametrit kompleks sipas formulave 9 ose 10. Te dhenat fillestare 



futen ne makine pjese-pjese, sipas natyres fizike te parametrit. £do grup te dhenash permbledh vlerat e 
parametrit Ai b si edhe ato te sfondit te fushes normale B‘ k . 

Me programin e hartuar u llogarit parametri kompleks T edhe sipas nje profili qe ndodhet mbi nje 
vendburim sulfid bakri te njohur ne rajonin e Kukesit (fig. 6). Per kerkimin e ketij vendburimi jane perdorur 
metodat gravimetrike, magnetometrike, te rezistences se dukshme, e polarizimit te provokuar, fusha 
elektrike natyrore dhe gjeokimike. Nga lakorja e T e fig. 6 duket qe me parametrin kompleks gjen pasqyrim 
te qarte vetem trupi xeheror dhe "ngjishen anomalite" joxeherore, per shembull te PK, 2 deri ne 4. 

Perve 9 ketij profili, parametri kompleks u llogarit edhe ne nje shesh te madh ku jane kryer studime 
komplekse per kerkimin e kromit dhe u muarren rezultate pozitive. 

Eshte vene re se, kur krahas metodave-gjeofizike, perdoren dhe studime gjeokimike, rezultate te mira 
merren ne qofte se eshte studiuar aureola paresore dhe mund te shfrytezohet edhe aureola dytesore, po qe se 
eshe e sheshte; ne rast te kundert, ajo do te jete e zhvendosur nga anomalite gjeofizike dhe anomalia e 
parametrit T deformohet. 
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NJE ALGOBITEM Pfift LU U ABIT JEN E KU BRAVE TEOB1KE 
te son dim EVE VERTlKALE keektrikf 

A. FRASHERt, <. ttKQlRAJ, N kRASHERI 


Sondimi vntikal eiekirik 'shle metode <? rendestahirw a elefct™- 
mafafeg qe perdnrt* ne ventlir: tor* per k&ktaita c slrukturwc p«- 
Bpdrtiv* iwfle-gazmbajt&t« te >. hernrtivc dhe to ™tacrakve_ to tjera te 
£UhiL>, *i edhc per *gjidhj< i e dctyraye to gjeologjise mxhtnenke. 
Ni* te ardhmen do to zgjerohel perdonmi 1 saj- 

Metodika rationale c vroji mit te MBdimit, dm .th. 
pit ie skernes dhe pgrroauai op .male »a.i, w ik ' ’ koT) _ 

i rozuUateve te sondimil, ne pi rputhjc me ndor tmi i SE , t TOl ik f 
kret t6 rajonit qe studiohet, ke;ojne nje sasi te madhc kurWh teorike 
oer modcfe te njohura te prits me U 5 prerjeve gjeodeklnke. 

Alburn at qe dftponojme k kurbavo loorike te sondimrvr- per 
prerjet shun* shUworc nuk iirmbajlto sadne e 
L V q ail t*u petUiipjcn te gjiiht rasteve qe takohen nc >endm torn, one 
5 kerkohette miVrprotohen. : .modal graft*? te 

saktesine e kerkuar. Nga ana : Jeter, nbk disponojme nlbume kuibash 
teoriko tc sondimevc me lloji tc ndry slime skeins sh te zhatuara no 
kushW ta ndryflhme. Pranda: e pnme te dotm^o^me 
steht te muudshme Unffuitjer dhe ndertimm e kurfaaw tomike te 
sonditneve vertikale elektrike mo Mien e makinaw llofianleM^ek 
tronlke. ZgjMhJa e kolij problem! shorten per zgiidhjene ^etyrfe so 
zhdreite tfc eldctoml&wa me arm e makmav* llogarit«ec elektroni 
kc, d.m,th. te para met rove te prerjes gjcoelektriko sipsis 1J i av€ p 

PSr te realteuar Wite detyi ■ d«ri tani janfc hartuar programet sten- 
d^ixJe nc giwhen Algol, per p erjet dy. ire dhe_mP: shorn o shircaon' 
per «ndimet vertikale elektrik ■ me skeme sinivtviko AMNR dhj: cano- 
Lre boshtore ABMN ni 1 ’ ster< dhe me skeme fundore nc det, Kt_1o 
proerame jane kokuiduflr den !nni nc models tfi njohura pfer pnmjc 
ShSesorJ dhe po vazhdon puna per llogaritjen o prerjeve me me 
shuma jjhtrcsa. 

Algoritmi u ndcrtuii per rerjet gjeocldrtrikc shumSshtresorc. me 
kufi) ndares horlaontale {fig- 1). Sic duket ne fig- 1 me Pi* 
imp shenuar rezfetencat clcfe'rike te xhtreuve honzontale nga Ut 
ooshte Trash esite e shin-save jane shenuar me gennat h ( , h„. . . n., 
ndcraa Iheliesite c shtrirjes sS kufijve te tyre me gewnatH H,, 

duke filluar nga sipcrfaqja. R ^istt-neat elcktiike s-pecifikc u l.o 0 orst n 
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me rrijgen e mirenjohur te percaktimit te potendalit te fushes elcktrike 
me anen, e integrimit te ekuacionit te Laplasit [1], 

e 2 u I d a u 

c?r* + T9i + a* = 0 0) 



Fig 1 


Per rasim e skemave siperfaqesore, program i u hartua mbi bazen 

e zgjidhjes so njohur [1] te ekuaeionit {1), qe, per prerjet shume shtre- 
sore, eshte: 


Pa — Pi [1 + 2 1 gnfs] 

n = j 


ku pi - rezistenca elektrike specif ike e shtrescs se pare: 

qn funkaioni i emisionit qe varet nga parametral e o relies 
g]eoelektrike q fl = f (p,, p*. , , , p B> h lp h 2 „ . . , h n ); 

U — lunksioni qe varet nga lloji dhe permasat e skemes. 
f'unkBioni i per skemen simetrike AMNE eshte; 


K.'i 


d)' 


■f 4n2 
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Nje algorithm per ilogaritjen e kurbave teorike t£ stutdimeve . . . - 


27 


I 


per skemen drpoJare bushtore ABMN eshte: 


f- “ 


u: y 


l5 1 1 
+ 4n^ ' 


( 4 > 


ku: r — 


AB 

gjyama e gjatesise se skerries simetnke — ^ 


ose Largesia midis 


q-endrave te dipoleve Q, 0->; 

hi ~ trashesia e shtrescs se pare, e barabarte edhe me ma&cn e 
perbashket te trashesive (h^) te ahtresave. 

Funksioni i emisionit q n u llogarit duke u nisur nga funksiom 
Bi {m) ( qe percaktohet nga parametral gjeoelektrike te prerjes, 

Ne rastin me te pergjithshem, qe shqyrtohet, furiksicni B ( {m) per- 
caktohet nga kushtet ku fits re dhe, konkretisht, paraqitet si r a port i 
dy percaktoreve: 

Bi (m> - W 


ku: m — variabli i ititegrimit. 

Bercaktoret e ekuacionit {5) vuren nga karakteristikat gjeoelek trike 
te- prerjes. Per te lehtesuar Uogaritjet u perdoren dy polinomet e me- 
poshtme. 


Pn(a) = 


Ji_B 

g^Sjir{pi + pi) 


(6) 


dhe 


A — AB 

Hn<g] ~ + 


0) 


\ 


ku: Sr = — : g — e^ raH t>; Hi - thellesia e tavanit te shtresiks. 

Duke i vendosur keto polinome ne bararimin ( 5 ) murid te 
shkruajme: 


B i(m) - 


P*(g) 


H n (g)~? n (g) 


m 


Per percaktimm e ketij f Links ioni u perdoren form ul at rekurente e 
Flatose. Nga keto formula rezultnn se: , . - 

1. Polinomi P„(g) ka si koeficiente produklcl e kombinacioneve me 
mimer tek elementesh te pasqyrimit Kij.. , . * K ( iv-.i f n e 

te g^ae prane koeficienteve shumcn e difercncavc te kombmaClOneve 

korresponduese te S^,- - - , Bm 
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2. Polinomi Hn(g) ka ndertim te ngjashem me P n (g} por ka kombina- 
ckme mo numer gift e-kuacionesh. 
p.sh. per prcrjet peseshtresore: 


Ts(& « K liS Sl + K 2J g S3 + K 34 g S * + K 12 K 2j g S ^- Ss+Si 
Ki 3 K 23 lt 4 j^^-*» +S a + 1ti5K J4 K 45 g s 5- s ‘+S 3 

K 2J K M K 4 ,g S s- s « +S i 

H>(g> - 1 + & l2 fca3*r l, - Sl + K i2 K J4g S.-S3 + K 12 K 4 jg s *” s ^ + 

4- KwKmB®*-®* + Kj|K4^»“ 8 » f K >4 IC«g**-® J + 

+ Kj 2 K 2 . 1 K J4 K 4 jS Sj “ s ^- , - s *+ s i 

Ku: K.i,i+ l — (pi+i — Pi) / (pj+i+pi) + koeficientet e pasqyrirnit. 
Funksioni i emisionil Pn u llogarit me formulen: 

Pn(g) + *2 qig 1 [Pa(£) - H q (e)] 

r-i . 1 1 m. 1 = 1 /A\ 


Llogaritja c koeficienteve te polinomevc te Pn (g) dhe Hr (g) u 
suall ne ndertimin e kombinacicurieve C- ■ , ku i — 1, 2, . , . n— 1 

N— I 

Gjilhsejt Uogariten 2 — J = 2 n— l —l koeficiente, {Njeshi i poli- 

tiomit H n (g) nuk duhet, praiudaj s’e marnm parasysh), Per realizimm 
e ndei'timit te komibinacioneve ne makinen elektronike u punua ne 
menyren e meposhtme: 

1) Komi n—1 etemente E tl Ej, , . . , E« . i 

2} Ndertojme kombinacionei e tipit t Cj, En— i 

3) Supozojtne se jime ndertuar kombinaeionet 
4) Ndertujme kombinacionet C’ , , 

kur j — i jr . . , n— 1 mar rim elementin E/ dhe kombitiacionet C^ —1 r 
te elomenteve £*,.♦. Ej_», 

He ketd rndnyre ndertohen kombiaaeionet e kerkuara. Ne fig. 2 tre- 
gohet skema per prerjen peseshtresore (p — 5), 



Figure, 2 
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Nje alRoritfim per llogaritjen e kurbavc tenrike te sondimeve , . - 29 


Per real] zimin praktik te nderlimit te kombinacioneve perdorcn tte 
mastve numrash: PH, PHI, PH2 me nga 2 n_1 -l elemcnte. 

Elemenlet e masivit PH perfaqesojne koeficientet e Pn(g) dhe H.(g). 
Elements! e PHI perfaqesojne indeksin j te elementit Ej, ndijrsa 
elemcnlet e PH 2 perfaqesojTie fuqine prane g-se. 

Per Uugaiitjcn e qMduheti vetem PtI dbe PH2, Ne PHI ruhet in for- 
ma c tan i rider mi etes qe duhet velem per ndertimin c kombinacionevc, 
He fig. 3 jepet paraqitja grafike e PHI. 
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Figura 3 

Duke i dhene L-se vlera le ndryshme (I, 2 , . . .) <ihe duke krahasuar j 
me vlcrat c PHI qe i perkasin zones mund te iiksohen kombi- 

tjactonet C"“ l . te elements vc Ej, Ej, . , , F.j-i per te formu&r C'^J, (duke 
u basbkuar me Ej . Llogarilj-a e PH, PHI, PH2 behet njekohesisht hap 
pas hapi, Gjatc llogaritjes, l.ermat e PH dhe te PH2, qe u perkasin 
komb i nacione ve me numer gift elementesh (d-m.th Hn (g)-se) u shumc- 
zuan me per te lchfesuar llogaritjcn e qx. 

Si te dhena fi lies tare per profilin n shtresor jane 


K w+ 1 - -^T-? i — l >2, ' - * rt -L 

Pll-l "T Pi 


St= H 1 

Ho 


i = 1 ,2, . . * , n. 

Me pushti? jepet bliokskema, Mr. 1 per llogaritjen e PH dhe PH2j 
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Nje algorithm p«^ Uogarrtjen e kurbave Je o-n^e te apndjmeve . .. 
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a} Jlasivi K = (Ki ,i+.i ), masivi S - {Si ) me ng* n-1 afemente, pra 

pi^opritjof ' 'sTpH dhe PH2 sipas bllokskemee Nr. 1 kalohet ne 
wP52Srta»n N e q N v 'n* kujtesen e brendshme te makiilCS llngaritese 

Sdowrt masLvi Qll:M]. Per * 

sm £ issr/sc - 3& wa*. ^ 

e tlraiav^ie C £ <g) nga Hotg^eshte ^ 

PH2 (nqs PH 2 til<o atehere tetim perkates *J II 1 peiiiCl n»tgJ 
dhe rw? qofte se PH2 li]>0 atehore ai i perket ^ 

Giithashtu, terms t e PH,i pcrkasm Hn (g) jane shum^uai 
paraprakisht. Si tS dhena ftUestare per llogantjen c q« jane. 

a) Masiv«t PH dhe PH2 te llogaritur paraprakisht me bbokske- 

men Nr. 1, 

b) Numri i pergjithshem i qu-ve, pra, M 

c) S rt — ~ (vegsc n^6N). 

Duhet kujtuar gjithashtu se S B = S [n-1] T 

Me poshle jepet bllokskema Nr. 2 per llogantjen e q« 

Me SbartndTe JJogaritjev* to <ff ii»U ke^j bllokafcen* fUlon llo- 

earitia € kurbave t e sondimeve sipas ekuacicrut <2). 

Te dy btloskemat. parimisht mund te j^rdoren per prerje _ me efaredo 
Ul sht resash, pSr duke u nisur nga kapaciteti i mb- 

nfe X-2 murid te kryhen Uogaritjet per prerje me n}e numer s. "it re- 
sash b rendu dhjeteshes se pare. Peri tani e kemi pewJos^r kete pi 
gram per prerje trishtre&ore. 

Petmbledhie 

Ne kite errt ikvll jepet nje elgaritem per Uogartijvn 
ve teorike te wndimeve vertiknle elektrike rne $k^me simetnke 
jIMNB dhe dipolare fcosJitcre ABMN. Ky aEgorttem lejoit te 
aaritet rezi&tenL e dufesfcm* per prerjet g^oelekmka shume- 
shtresvre te te gjithe tipave me ku/tj ndares 
gram i standard mbi bazen e keti] ^JSEL f e 

gjuhen ALGOL . Lioguritja c kurbave teorike te 
ehktrike vertikale me aniin e makinave Ungantise elektrom 
he do te plotesoie mungesin qe ndjehet per te ^? atS V ^Sm 
tivuive S(So m, si dhe do te ndihmoji zgjedhjen e metodi- 
fees racionate te sondiTi^eue. * „ ^ 

Alhumet ekzistuew te kurbave teenke nufc « 

neveishme te kurbave ne menyri qe t tt p^r gjip jen_ te 
sieve qe tflkoJieTi ne v&uLin tone dhe qe kerkohet te intery 

Studimm e feetii problemi e shohim edhe si pjese te domes 

i-r*. - "-"-ss: 

ane-n e makinove llogantew etektronike, d,m.th. te per * 
te yarametrave te p rerjes gjeoelekinke sipas kurbave te vroj 
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Nje algorithm p<jr llofiamjen e kurba vg teorik e tS sondu tt cvc. ■ ■ . ■ • ■ ■ 


Deri tani me progvn-mm e kartuar keiM Oogaritur fcurbm e 
prerjcue irishtresore dhe po vozhdon puna per prer jet me me 
sliumji siitresfl. 

(Paraqitur n* Redaksl me 23.10.1978) 

KAtedra e Gjeofi/jkes 

Qtrtdra e Matcmatik&s LltigariteM 


BI B LIOGHAH 

i jssskt aisia TOsssiirs.’«sss« 

2. v“Tm. eteteikf * »« *• Tl “” e 

i573- _ Fonda i Fakiiltetit GJeolcHCjii-Miniera. 


R 4 s tc m i 


UN ALGOBITIIME 

rOUK CALCUI-ICR LES COURSES 'I^BORIQUES 
DES SONDAGES Fl.ECTHIQUES VEftTlCAUX 

autouft d cm neat, dans leur expose, m algorithm* pour ealculj* las 
ourbaa th<*ri Q u<* da sendee vertical dt«trique au W*n des calculated 
^trmUqn^ Le programme standard «jt m base de art algorithm# eat bit 
-L laagsift AiftoL pWP Itt coupi-s a llJa 

i mites de separation horizonlules. U cat vMoble pour let sonda^ a »M»» sy- 
■netrinue AMNB fit a schema dipolaire axial AllMN. 

La .prograrnmH tion a 4H> fade sur la has# rte la solution comwie de 1 *V»- 

tion dc I.ap 3 at:o: 


31,1 + J_ =r (>, 

■nr2 * !■ 31 


m 


laquolle. pour lea coupes 5 plusieuis stratifications a la forme: 

pit = Pi f 1 + 2 S ^ 

L n - 1 J 

la resistance ^lectrique specif Lque da la prenfti&ra ecuehc; 

q n _ ia (onction de remission dependant dee paranwtics d# la coupe geo- 

tleefcrlciue ; , _ j . , 

f - la function dependant du genre ct dM dimensions du schema. 

La function de remission q n a e* dalcui^a en P5>rtant <i« 1 h fonetton R, (nd, 
determine par les paramfetres geo -£lectri ques de In coupe, poor .e caleul oe 
laqiwlle nn a employe 3« for mules tecourantes de Plateau. 

La ConctioTi c ] ;1 a ditertTLS n 4 e- r 1 ar f OtTnule : 


q n = !im 

O 


V q L £i tPn(g) — Unfc)] 
i=i 
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ou a - e-^ lHo _ 

jjo _ [j .masse comimme <ies ptofonrieufs ties coMcnea, 

m vB.riabmte de rinWgration 

p <*>, H p i£) - tea pdynAm® dependant d«S param* res g^lecLriques de 


Lb 


Dans l'article sont dotrncs Itt deox blocs de sch&nw pour te caicul de la 
function tm qui peiivent fit re faitc* valoir pour la coupe avec un nombre quel- 
conque de couches, mai6, on partaut de la capaclte do rappel d* la 
peavent etre eHectu^s des calculi pour )a coupe avec im nombro de couch® a 
Huterleur -de la premier* decaru^ie. 


Avec fin du calcul 


snrac. 

. rniTtfntnCP 1* calcul das courbep de sondage d’apre*. 


r^quat5on (2). 
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ON THE APPLICATION OF GEOPHYSICS IN THE EXPLORATION FOR 
COPPER AND CHROME ORES IN ALBANIA 

Alfred FRASHERI, Ligor LUBONJA and PERPARIM ALIKAJ 

In this paper some generalized results of geophysical exploration for 
copper sulphide and chromite ores in Albania are presented. The most 
important geophysical methods used are electrical prospecting , gravity, 
magnetics and electromagnetics. Physical properties of the ores, genesis and 
geological problems to be solved have determined the proper choice of any of 
these methods in the complex exploration. 

INTRODUCTION 

The copper and chrome ores in Albania, as well as other solid minerals, 
oil and gas included are explored through a wide complex of geophysical and 
geochemical methods. 

The contribution of geophysical methods in mineral exploration has 
been in the search for ore bodies or mineralized zones and in geological 
mapping. 

Electrical prospecting and sometimes magnetics, EM or gravity have 
been the main methods in the search for copper sulphide deposits. Depth 
exploration up to 600-700m have been proved with Induced Polarization (IP) 
method. 

Chromite ores have been explored through the gravity, magnetics and 
Induced Polarization method. Many good results have been obtained but in 
comparison with copper exploration, the chromite is more complicated and 
more problematic. 

1. PHYSICAL AND GEOLOGICAL BASES FOR GEOPHYSICAL EXPLORATION 
OF COPPER AND CHROME DEPOSITS 

The copper ore deposits in Albania are mainly connected with ophiolitic 
belt of Mirdita zone. Mineralization is presented by sulphides as pyrite and 
chalcopyrite located in volcanogenic rocks (diabase-spilite-keratophyre), in 
effusive rocks of volcano-sedimentary formations and by quartz-sulphides in 
gabbro rocks. The mineralization in volcanogenic media forms concentrated 
ore bodies or simply disseminated sulphide zones or both. The mineralized 
zones range from some meters to some hundred of meters wide and from 
some tenths of meters to kilometres in strike. Massive or veinlet ore bodies 
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are often present inside these mineralized zones. In volcano-sedimentary 
formations mainly massive ore bodies are found. 

In table 1 are given the results of a petrophysical study of copper 
sulphide ores and surrounding rocks (Avxhiu, 1979, Frasheri et al 1986, 
Alikaj 1989). Several hundreds of examples have been tested for every 
physical parameter included in the study. 

The most typical and distinctive physical properties are chargeability 
and resistivity which are conditioned by mineral content, structure and degree 
of rock alternation. The surrounding rocks are characterized by low value of 
chargeability and higher resistivity than sulphide ores. 

The sulphied ores have greater density than the surrounding rocks and 
when they contain pyrrhotite and/or magnetite they present magnetic 
properties. 

These four properties serve as bases for the application of IP, resistivity, 
EM, self-potential and mise-a- la- masse in exploration of copper deposits. 
Occasionally, magnetic and gravity have been used, too. 

As regards to the chrome ore deposits, they mainly are linked to the 
upper part of hartzbourgite-dunite tectonite sequence, as well as with lower 
part of dunite cumulate sequence of ultramaffic massifs. The most of 
chromebearing is of podimorf type and less stratiform. 

Dunites and hartzbourgites are often serpentinized and contain 
secondary magnetite in fine grained disseminated form or thin veinlet. 

These ore bodies are presented by rare up to dense disseminated, 
nodular, belted or massive chromites. The type of ore is chromespinelid, 
mainly magnezial and sometimes ferrous. Its chemical composition is simple 
and the content of olivine and serpentine is different. In some cases the 
chromite grains are enclosed by secondary magnetitie membrans, which are 
crystallized as a result of intensive dynamic processes. Secondary magnetite 
is present in chromite ore serpentine as well. 

In table 2 are presented the physical properties of different kinds of 
chrome ores and ultramaffic rocks (Frasheri 1974; Lubonja and Frasheri 
1966). 

The chrome ore density is determined by the content of Cr203 and in 
general, for a simple case the following dependence is observed: 

e = 40uX+2000 in Kg/ m3 
where e - ore density 

X - percentage of Cr203 in ore 

This dependency is not unique, because the ore density is dependent on 
the degree of serpentinization of its olivine and on microfissures as well. 

Intense chargeability values are characteristic of chromites which 
contain secondary magnetite in veinlet or network type. Because of chemical 
and thermal remnant magnetization, some chromite ores are magnetic. 
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The petrophysical properties of ultramaffic rocks are mainly subject to 
their serpentinization degree and their physical and mechanical conditions. 
According to table 2 the following conclusions can be drawn: 

1. Density is the most stable and typical property to discriminate 
between chromite ores and ultramaffic rocks, so the gravity is the basic 
method to be used in our chrome exploration. 

2. The values of geophysical anomalies over ore bodies are depended on 
physical contrast between chromites and surrounding rocks. 

3. Sometimes physical property contrast between chromite and 
ultramaffic rocks is very low, so no geophysical anomaly of this parameter 
could be observed. 

4. Over some parts of ultramaffic rocks, some geophysical anomalies 
can be fixed, due to physical property contrast with surrounding rocks. 

Based on uppermentioned conclusions we can state that geophysical 
anomalies present some targets which on a certain probability, show for the 
presence of chrome ore bodies. Their lack shows only that up to the depth of 
investigation do not exist ore bodies with property contrast with ultramaffic 
rocks. In this way, the geophysical exploration of chrome ore is rather 
complicated so, a wide integration of geological, geophysical and geochemical 
methods should be used. 

2. GEOPHYSICAL EXPLORATION FOR COPPER ORE DEPOSITS 

During the sixties, the main Electrical Prospecting method in copper 
exploration in Albania has been Self- Potential (SP). Resistivity and Magnetic 
surveys have been carried out, too. Occasionally, the Gravity method has 
been used. Good results have been provided through this geophysical 
integration for shallow depth, some tenths of meters (Fig. 1) (Frasheri 1963). 

After rapid development of IP methods in early seventies, it turned out 
to be the major surveying method for copper sulphide exploration, while the 
others served as complementary or follow-up methods. In this period the 
depth of investigation has increased up to 200 m (Fig. 2) (Avxhiu 1979). 

In the last decade our copper exploration was extended to greater 
depths, up to 400-700 m. For this purpose we have worked in different ways: 

1. New IP instrumentation with high power transmitter and high 
sensitivity receiver was used (IPC-7/15KW, IPR-10A, IPR-11, SCINTREX). 

2. It were studied theorically and experimentally the surface-to-hole IP 
responses to investigate the ore bodies around the boreholes, especially at 
great depths (Lubonja et al 1985; Frasheri, Avxhiu and Alikaj 1990). 

3. The possibily of separation of low amplitude and frequency IP 
anomalies was sudied (Lubonja et al 1984). 

4. A good coordination between direct mineral exploration and 
geological mapping with geophysical methods has been applied (Avxhiu, 
Bushati and Alikaj 1984). 

In theorical studies were included the investigations of IP field 
distribution in heterogeneous geological media, with curved boundary, over 
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mountain relief. Using the finite element method and other techniques were 
developed the proper algorithms and were compiled some programme 
packets for the computation of synthetic IP anomalies (Frasheri, Tole and 
Frasheri 1984; Frasheri 1987; Frasheri 1989; Likaj and Alikaj 1989; Frasheri, 
Avxhiu and Alikaj 1990). 

Mathematical models were computed for polarizable bodies of any 
geometrical shape, with or without resistivity contrast, in 3-D, 2 1/2-D, 1/2-D 
and 2-D. The current electrode could be set on surface or underground. 

As a result of theoretical and experimental studies in the different 
geological media the depth of investigation of IP method in copper sulphide 
exploration have increased markedly, up to 600-700 m. In Fig. 3 is presented 
such a case in volcano-sedimentary formation in the Northeastern part of 
Albania. Survey was carried out using deep IP soundings with a maximum 
separation of AB=4400 m. 

Chargeability responses for every separation are plotted at points 
located at the approximate depth of investigation Hi. The geological data are 
plotted on the same section, also. This type of presentation is called a "real 
section" (Alikaj 1989; Langore, Alikaj and Gjevreku 1989). Chargeability 
contours shows an anomaly at a depth of 500-700 m, which after the 
performance of boreholes confirmed a thick sulphide zone at this depth. The 
shallow chargeability anomaly is connected with the contact zone between 
ultrabasic and amphibolite rocks, which contain magnetite and scattered 
sulphides. 

Another important problem of IP method is to discriminate between high 
grade and low grade sulphide ores. Recently, Spectral IP parameters are 
being investigated (Alikaj 1989; Langore, Alikaj and Gjevreku 1989). We have 
used Cole-Cole (Pelton et al 1978) model in time domain to derive the 
synthetic Spectral IP parameters "m", "q" and "C", according to Johnson 
(1984). 

The study of Spectral IP parameters was carried out in samples, in test 
sites and in field conditions. The main conclusion of the study was the good 
discrimination between massive or veinlet sulphide ores and disseminated 
ones. In Fig. 4 is presented a field case history of Spectral IP survey in 
Derveni volcanogenic rocks. Within the chargeability "real section" of M4 
window, an intensive apparent time constant (g) anomaly was fixed. The first 
borehole drilled near this section intersected a thick mineralized zone with 
some intervals of concentrated sulphide belts. However the centre of the 
anomaly is not yet verified. 

3. SOME RESULTS AND PROBLEMS IN CHROME EXPLORATION WITH 
GEOPHYSICAL METHODS 

The geohysical investigation, consisting of Gravity, Magnetic, Resistivity 
and Induced Polarizatoin methods has proved good results in supporting the 
geological mapping of ultramaffic rocks and their relationships with 
surrounding formations, in cognition of geology of the mineralized belts and 
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primary textures of rock massifs (Frasheri 1974, Langore et al 1989). In this 
paper we present some results of chrome exploration. 

Over the ore bodies weak gravity anomalies are fixed, which are more 
evident after the transformations of the gravity field. In Fig. 6 is presented 
such a case from north-east Albania (Frasheri 1974). It is to be noticed that 
such anomalies are also caused by fresh rock isolations settled among 
serpentinized rocks. Magnetic survey may help in some cases to solve this 
problem. Based on the orientation of magnetization axis of the ore body and 
the magnetic property contrast, the magnetic anomalies can be negative or 
positive (Figs. 5 and 6, Lubonja and Kosho 1974, Frasheri 1974). Positive 
magnetic anomalies have been also recordered over the magnetic serpentinites 
which contain secondary magnetite due to dynamometamorphism. But these 
cases differ from those of ore bodies because of the lack of gravity anomalies. 

In many cases there are fixed IP anomalies over ore bodies, consisting of 
polarizable chromite (Fig. 7, Lubonja and Frasheri 1966). These anomalies 
are often wider than ore bodies because of a dunitic envelope which presents 
the same IP parameters as chromite ore. In some cases IP anomalies are 
caused by polarizable ultramaffic rocks, too. Some laboratory tests of 
chromite samples with Spectral IP have shown no correlation between Cole- 
Cole parameters and chromebearing. 

In our practice of chrome exploration we have cases where the 
distribution of physical fields is very complicated, because the ultramaffic 
rocks are very heterogeneous. In these cases, the "ore" anomalies may be 
detected using a wide integration of geophysical and geological methods. 
However, the complicated physical fields render more difficult the data 
interpretation and decrease their reliability. 

To increase the depth of exploration of chromite ores we have 
successfully used the borehole magnetic survey and hole-hole radiowave 
method (Fig. 8, Gjevreku 1986). The boreholes S-17 carried out in this 
section did not intersected any ore body. From vectorial magnetic survey in 
this hole, an anomal sector of total vector of magnetic field (T) at depth 190- 
330m was fixed. This anomaly was interpreted as linked to a magnetic 
chromite ore body between the boreholes S-17 and S-16. The shallow 
boreholes S-l, S-2, S-3 and S-4, carried out from the mine working G5 
intersected the predicted ore body. 
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LIST OF CAPTIONS 

Fig. 1. Geophysical profiles and geological section of a copper sulphide ore 
deposit. 

1. Ultrabasic rock. 2. Argillaceous schists. 3. Diabase. 4. Massive ore body. 5. 
Gossan. 6. Tectonic faults 

Fig. 2. Geophysical and geochemical profiles over the cross-section of a 
copper sulphide ore deposit. 

1. Overburden. 2. Keratophyre rocks. 3. Spilites. 4. Disseminated sulphides. 5. 
Massive sulphide ore body. 

Fig. 3. "Real-section" of chargeability parameter (Ma) according to the VES- 
IP measurements in volcano-sedimentary formations. 

1. Overburden. 2. Ultrabasic rocks. 3. Amphibolites. 4. Volcano-sedimentary rocks. 
5. Limestones. 6. Disseminated and veinlet sulphides. 7. Chargeability contours in 
mV/ V. 8. Center and the number of VES-IP. 

Fig. 4. "Real-section" of chargeability (M4) and apparent time constant 
Spectral IP parameter (g) over a mineralized sulphide zone. 

Fig. 5. Gravity and Magnetic profiles over a chromite ore body. 

1. Overburden. 2. Hartzbourgites. 3. Dunites. 4. Chromite ore. 

Fig. 6. Geophysical profiles and geological section over a chromitic ore 
deposit. 

1. IP profile. 2. Resistivity profile. 3. Vertical component of magnetic field profile. 4. 
Hartzbourgites. 5. Dunites. 6. Chromite ore. 7. Gradual geological boundary. 8. 
Overburden. 9. Mine working. 

Fig. 7. IP and resistivity profiles over a cross-section of a chromitic ore 
deposit. 

1. IP profile. 2. Resistivity profile. 3. Massive chromite. 4. Disseminated chromite. 
5. Hartzbourgites. 6. Dunites. 7. Tectonic fault. 

Fig. 8. Results of a borehole three component magnetic field survey in 
search for chromite ores. (Total magnetic field T). 
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OUTLOOK OF IP ANOMAL EFFECT OF A BODY SETTLED IN THE 
ELECTRIC FIELD OF AN UNDERGROUND POINT CURRENT ELECTRODE 
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Abstract 

The borehole underground IP survey presents one of the main directions to increase the depth 
investigation of Electrical Prospecting for copper ore deposits. The IP anomal effects are strongly 
increased when the current source is settled close to the underground polarizable ore bodies. 
Moreover the outlook of spatial distribution and the intensity of this effect are quite different in 
comparison with cases when current electrodes are settled into earth's surface. 

Through mathematical modeling and checking up the experimental results in physical models in 
laboratory and in situ, over the known geological conditions, the study of this effect is presented. 
The measurements were carried out with IPR- 10A, IPR-11 receivers and I PC-7/15 KW transmitter 
(SCINTREX) in Time Domain. The models have been carried out for any geometrical body shape with 
the same resistivity as surrounding medium. One of the current electrodes was placed underground, 
in borehole or mine works, while the other one, on the surface. Calculation of Bleil's integral has 
been performed utilizing some notions of the finite element method. 

From the modeling has been defined that IP anomaly is accentuated many times when one of the 
current electrodes is placed underground, against the ore body, in comparison with the case when 
this electrode is situated on the surface. This is particularly evident for bodies at great depth (600- 
800)m. 

1. Introduction 

Albanides are part of the Mediterranean Alpine orogenic belt. Those extend in Albanian's territory 
and are placed between Dinarides and Helenides. The ophiolites are one of the most important 
elements of this belt, covering a territory of 2600 km. Within ophiolites a lots of chrome and copper 
ore deposits are found. Their exploration in Albania has reached up to 1000 m deep and more. The 
increasing of depth exploration from 200-300m up to 600-800 m through geophysical prospecting 
has become a necessity in Albania. 

One of ways to reach such a great depth exploration in electrical prospecting is the studying of the 
anomal effect of IP method setting one or both current electrodes in boreholes. Through such 
settlements the current source approaches to the ore body and IP effect is obviously increased. 

To investigate this kind of IP surveys we used the mathematical models. For measurements in 
terrain, powerful transmitters and high sensitivity receivers were necessary, so we used IPC-7/15Kw 
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transmitter and IPR-10A and I PR-11 receivers (SCINTREX). The last one permitted us to obtain 
spectral IP parameters as well (Alikaj P. 1989). 

The same instrumentation was used in IP electrical soundings (IP-ES) with long spacing (up to 
AB=4,400m), results of which were coordinated with hole-hole or hole-surface arrays. 

2. Mathematical modeling 

Mathematical models for anomalous effects of resistivity and IP are carried out using different ways 
and algorithms. Das V.C. and Parasnis D.S. (1987) have used the solutions of Fredholm's integral 
equation of the second kind. The results are presented for a dipole-dipole array. Eskola L. et al., 
(1984) have done their modeling in the Frequency Domain. The integral in this case is solved by 
means of the method of subsections. 

But the modeling of anomalous effects for the surveys with underground arrays begin with the study 
of Waag D.M. and Seigel H.O. (1983) where beside the mathematical models the results of field 
surveys are given. For these models there are papers from Komarov V.A. (1972) and Draskovits P. 
and Simon A. (1992). 

In order to fulfill the demands of the development of prospecting for copper ore deposits situated at 
great depths up to several hundred meters we realised another mathematical modeling for the 
anomalous effects of IP in the time Domain ~y using the method of finite elements, or even only its 
P rinciples. This modeling was done for surveys with gradient array. 

The mathematical modeling was carried out to study the anomal effect of IP caused by ore bodies of 
any geometrical shape. 

The ore body was supposed to have the same electrical resistivity (o) as the surrounding rocks. Such 
ore bodies are for example disseminated sulphides or chromites, which contain secondary 
magnetite. These ores have a volume polarizability higher than the surrounding rocks. Chargeability 
has a value n. The relief was supposed to be flat. One of the current electrodes is situated 
underground in the point A with coordinates (X, Y, h) at a depth h from the surface. The other 
electrode is settled at point B (X, Y, 0) on the surface. The IP anomal effect was analyzed by 
determining the potentials of the IP electrical field and the polarizable field in the points M and N 
which are moved on the surface (Fig. 1). 
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Fig 1. 3-D geoelectric model of a target of a random geometrical shape (a), and of a prismatic 

body with a random section (b). 

The induced polarization effect Uip is calculated with the well-known formulae (Bleil D., 1953; Seigel 
H.O., 1959): 

U lP = C f VU.V — dv 

J v « ( 1 ) 

Where: 

Uip - the potential of induced polarization field, 

Uo - the potential of primary electric field, 

U=Uo+Uip - the potential of resultant electric field, 

R - the vector from body point to measurement point, 

C - a constant value determined by electric properties of medium. 
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For the 3D models, because we considered that the ore body and surrounding rocks have the same 
electrical resistivity, the integral depending from U 0 can be calculated directly by discretizing the 
surface of the body with small elements. In the 2D case, when the chargeability is a voluminous one, 
the finite element method, as well as V Uo and the vector of chargeability CVUo calculate the 
potential Uo. 

It is known that in field conditions of electrical survey we have Uip«Uo, so we accepted the 
simplification proposed by Bleil D. (1953) as well as the evaluation made by Komarov V.A. (1972) 
assuming that: 


CU = CUo (2) 

Following this assumption the calculation of Uip was reduced to the calculation of the integral (1) in 
which the potential Uo of primary electric field has replaced the potential U. More concretely, for 
the selected model Uip was calculated with the formulae: 

f 1 dUo 

u "’~ c ) s li~d^‘ ls < 3 > 

Where n is the unitary vector, perpendicular to the surface S of the body and oriented towards 
outside. 

The primary field potential Uo created by the current from the deep electrode A, surface electrode B 
and virtual source A+ with coordinates (X A , Y A , -h) (to take into account the influence of the earth 
surface on the scattering of the electrical field), was calculated with the formulae: 

U 0 = U A + U A+ — U B = — (— + — 2 — ) (4) 

° A A+ b 4 tt y R A R a+ R b j 

Where R A , R A , R A + - the distances from the electrodes A, B and the virtual source A+ to the point 
where the potential is calculated. To solve the problem, in the integral (3) we did the replacement: 

dUq r- Ql ( Ra * Ra+ Rb\ 


where: 


qI 

C 0 = - — - in Volt, meter (o - in Ohm.m, I - in Amper). 

47T 


After the replacement (5), the integral (3) takes the form: 


U/p 



2%)dS 


( 6 ) 


In the program POLARELF-B the integration is carried out numerically. We considered the surface S 
as a collection of triangular elements and for each element we used the Gauss integration method, 
representing the integral (6) as a double sum: 
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U/p 



( 7 ) 


Where: 



- the Gaussian integration weight of the integration point "i"; 


[).j. - the surface of the element "e", for the triangular one being as one half of the vectorial product 
of two edges of the element; 

R - the distance from the integration point to the measurement point. 

n - the unitary vector n, for each element it was determined as a vectorial product of two edges of 
the element. 

R A , Rb, Ra+ - the distances from the electrodes A,B and the virtual source A+ to the integration points. 
The coordinates of the later points for the triangular element were taken as: 

X = ipPi + i2>P 2 + h- Pj 

Y=jl-Pl +j2-P2 + j 3 - Pj 

Z = ki.Pi + k.2>P 2 + kt. P3 


Where: 

ii, ji/ ki, i 2 , j 2 , k 2 , U, J 3 , k 3 - the coordinates (x,y,z) of the 3 nodes of the triangular element; 

Pi, P 2 , P 3 - the surface coordinates of the Gaussian integration point (Zienkiewicz 0., 1980). 

By means of cubic splines we calculated the intensivity Ipp of the induced field during the profile X. 
The anomalous effect of the coefficient of IP was calculated as: 

j — 100 o /o (8) 

Eo + Epp 

On the basis of this algorithm, for each of two targets shown in fig.l, we developed two programs 
POLARELF-B and POLARPRIZ-2 in BASIC (Frasheri A., 1987; Frasheri A. et al., 1987). For a prismatic 2D 
target we used another algorithm used on the 2D finite elements writing the program POLARELF-F in 
FORTRAN77 (Frasheri A., 1987). In this program we used a new empiric constant C instead of Co to 
take into account the 2D modeling of the 3D problem. The programs POLARPRIZ-2P and POLARPRIZ- 
3P are specialized for models 2.5D if a prismatic body with a random cross-section for the cases 
when one or the two electrodes are situated on the ground. 

Calculating the anomalous effect of a polarized prism with section 4x4 units tested the programs 
POLARELF-F and POLARPRIZ-2. Conventionally we accepted the constants C-Co=l. The potential was 
calculated during a profile over the edge of the prism. In this profile the source electrodes A,B are 
situated in a distance of 11 units from each other. In the fig. 2 there is shown the same anomaly 
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calculated with the program POLARPRIZ-2, compared with calculations done by means of theoretical 
formula (the case of a homogeneous electrical field): 

an l n r 

Epp = -- -l*—EAdto 

Where: 

rj n = 4 nC- chargeabilities of the prismatic body and the surrounding rocks, 

E 0 - primary electrical field, 

Q - the angle in which the surface of the body is seen from the measurement point. 



Fig 2. The results of the program POLARPRIZ-2 compared with the results obtained by means of a 
theoretical formula. 1 - the anomaly calculated by POLARPRIZ-2; 2 - the anomaly calculated by 

theoretical formula. 

3. On the laboratory physical modelling 

The physical modelings were carried out in a 2D medium, consisted of a shallow horizontal tank 
(1500*1000*10 mm) filled with tap water (Alikaj P. 1989). As models the thin chalcopyrite prisms 
were used. The following likeness criterion was applied in modeling: 

P = — = Const 

H 


where: 

S - the section surface 
H - the top depth of ore body 

A time Domain transmitter, type CTU-2 (IP module) and the IPR-10A receiver, with T=t=2 sec were 
used in these measurements. 
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4. The analysis of model results 

The placement of one of current electrodes on the ground defines the view of scattering of the 
primary electrical field and the spatial position of IP vector as well (fig. 3). As a result, the amplitude 
of anomalous effect of IP and its configuration should be conditioned by this field scattering. 



Fig 3. The normal electric field of an array with current electrode A placed on the ground. 1,2 - are 
potential lines; 3 - current lines; 4 - target and polarization vector. 

When one of the current electrodes (A) is placed in front of ore body the IP anomal effect is 
amplified (fig. 4). 
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Fig 4. The IP calculated anomaly using POLARPRIZ-2P program over a polarizable prismatic target, 
with underground current electrodes. The IP plot is calculated for arrays: 1 - A B; 2 - AB; 3 - A B . 

The configuration of anomaly is depending on the position of the electrical array in relation with ore 
body. The anomaly is more clear when the target is placed between the current electrodes A and B. 
A "spurious" point could result when the potential dipole is placed at the point on the around where 
the equipotential contour is tangent with the surface, so the primary voltage (Up) becomes zero. 
Because m=Uip/Up, in this point m->°°. The results of physical modeling are shown in fig. 5. It is 
clearly seen that they are a good proof for the results of mathematical modeling. 

The position of current electrode A in relation with the target determines the anomaly amplitude 
(fig. 5, 6). The highest amplitude is observed in cases when current electrode A is placed in front of 
the middle of the target and the lowest ones when this electrode is on both edges of the target. 
Based on this fact a methodological conclusion may be drawn: the measurements should be carried 
out for different depths of the current electrode in borehole, because the optimal depth of the 
target is not known. If the underground electrode is situated in face of the middle of the target, but 
in variable distances from it (the positions 3,4 of the electrode), it is seen that there are anomalies 
and for considerable distances from the target, about 300m for the given model, or until the ratio 
l/d=0.7. In longer distances the anomaly becomes indistinguishable. 

As for the all types of geophysical anomalies, and for the IP anomalies in the case we are studying, 
the amplitude depends on the dimensions of the target as well. The anomaly is distinguishable and 
when the target has a ratio l/h~l/4. For the ratios l/h~l/10, the anomaly becomes negligible. 
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Fig 5. The IP surveyed anomaly in physical modelling over a polarizable prismatic target, with 
underground current electrodes. The IP plot surveyed with array: 1 - A B, 2 - A B . 
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6 - AB ; 7 - AB ; 8 - AB ; 9 - IP plot surveyed by moving the current electrode B in the borehole and 
measurement electrodes MN fixed on the surface. 

On map, the IP anomaly is extended out of the target's extremities (Fig. 7), but in these sectors the 
anomaly configuration is different from that over the target: the positive part of anomaly is 
diminished and the amplitude of negative part becomes higher. In cases when the target is located 
out of the current dipole (AB) the anomaly presents the highest amplitude on target's edge. The 
anomaly is more intensive in the central survey line when the target occurs between the current 
electrodes. During interpretation, one should consider the extension of anomaly in dependence on 
the electrode array position in relation with the target. The target is located sidelong of the positive 
epicenter of anomaly but inside its negative part. 

It is very important to discover rapidly in which side of the borehole is situated the ore body. To 
solve this problem two pairs of potential electrodes Mi, Ni and M 2 , N 2 are fixed on the surface and 
two sets of measurement for variable positions of the current electrode (A) in borehole are carried 
out. The anomaly recorded with potential dipole over the target is more intensive and without 
negative factors (Fig. 8). Through this methodology is determinate as well the depth of location of 
the current electrode in front of target and the position of the second current electrode on the 
surface for the future IP ground survey. 
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POSITION OF ELECTRODES A(-IOO.O.O). B(-4,0,40) 
23 Sulphide ore body 


Fig 7. The modeling map of the IP anomaly according the measurements carried out with a 
current electrode placed underground. The position of electrodes is A(100,0), B(-4,0.4), 1 - Target. 
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Fig 8. The configuration and amplitude of anomaly in dependence of the position of potential 

dipole in the Earth's surface. 


5. Case histories 

The controls of the mathematical and physical modeling results were carried out in our field 
experimental surveys (Avxhiu R. 1989, Frasheri A., Avxhiu R., Alikaj P. 1990). 

In Fig. 9 is presented a geological section where the drill hole has intersected the volcano- 
sedimentary series in which is located the sulphide mineralization (Alikaj P., 1989). IP anomal effect 
is negligible when the current electrodes are placed on the surface. It becomes intensive when the 
current electrode A is immersed on a borehole, at depth of 620 m. In this case, the anomal effect is 
caused by sulphide mineral zone intersected by borehole. This is also proved through the 
measurements carried out with fixed potential dipole (M,N) on the surface and moving current 
electrode in the ground. The mineralized zone is reflected in the IP anomaly from the depth 320 m 
and its highest amplitude reaches at depth 620 m, where the highest sulphide grade intersected by 
borehole occurs. 

The case shown in fig. 10 is more complicated. The surface measurements carried out with gradient 
array with spacing AB=3000 m, MN=100 m present an anomal sector (plot 1), beginning from the 
station 60, where the polarizable serpentinites outcrop, up to the proximity of the station 92, in 
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limestone rocks. A local anomaly is fixed between the stations 78- 92, over the volcano-sedimentary 
series. The measurements have been repeated with the current electrode A placed on the ground at 
the depth 212. At the station 82 a minimum of chargeability (M3) was obtained (plot 2). The 
maximum of M3 on the left should be related with the presence of serpentinites. The maximum on 
the right would be a supplied ore body at depth. To verify this interpretation some other boreholes 
were projected. In this Figure the profile of chargeability M3, recorded by the fixed potential dipole 
on the surface and by moving on the ground the current electrode, is shown too (plot 3). This profile 
presents an anomaly at depth 170-220 m. 

We have also carried out borehole IP measurements with array MNA for spacing AM = MN = a = 
2.5m, 5m, 10m, 20m, 40m (Langora L. et al. 1989). Based on mathematical models a depth 
investigation of such array was carried out. In fig. 11 there are presented the results of such 
measurements over a geological section, where massive copper sulphide ore body, related with 
diabase rocks is located near the tectonic contact with serpentinized hatzburgites. The IP contours 
very clearly outline the ore body thought by fault tectonics. 

Based on above-mentioned treatment one may draw into conclusion that IP surveys carried out with 
current electrodes placed on the ground is an effective way to increase the depth exploration of 
polarizable targets. Of course, these surveys need for powerful transmitters and high sensivity 
receivers. In our studies these requests were properly fulfilled by I PC-7/15 KW transmitter and IPR- 
10A or I PR-11 receivers, which we used both in borehole-surface measurements and in deep IP 
ground surveys with spacing up to AB=4000 m. This combination of the ways to increase the depth 
of investigation has shown good results (Avxhiu R.1989) 

In fig. 12 there is presented an electrical Real-section in one of copper sulphide deposits in Albania, 
together with IP contours carried out with gradient arrays of different spacings (Alikaj P.1989). Here 
the T=4 sec, t=2 sec and a current of 11 Amps were used. The surveys were done using three 
gradient arrays with lengths of 600m, 1200m and 2000m. As it is seen in fig. 12, the short array was 
used to investigate in a depth of 75-100m and with IP chargeability M3=6-10mV/V the western edge 
of the upper mineralized level was fixed. When the array is increased up 2000m, the depth of 
investigation is up to 300-350m and the anomaly with chargeability over 16mV/V with epicenter in 
the point 108 was interpreted as connected with a deep mineralized zone. The borehole projected 
over that anomaly t this zone. 

In the fig. 13 there is given another electrical section with IP contours carried out with deep IP 
electrical soundings (Avxhiu R. 1989, Avxhiu R. et al. 1989). The deep soundings of IP carried out 
using arrays with a length up to AB=6000m have a depth of investigation up to 800-1000m. The 
anomalies with chargeability over 24mV/V were fixed over profiles Pr.2-Pr.4 at the depth. The 
borehole DH-6 over this anomaly met with the mineralized zone at depth of 520m. 
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Fig 9. Increase of depth investigation of IP method setting the current electrodes into boreholes. 
The M3 IP plots surveyed: 1 - in the surface when the current electrode A was placed in the 
borehole; 2 - using the array AMNB on the surface; 3 - with fixed MN on the surface and with the 
current electrode A moving in the borehole. 4 -amphibolite; 5 - clay siliceous schist; 6 - diabase; 7 - 

limestone; 8 - sulphide mineral zone. 
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Fig 10. A geological section with surface and borehole -surface IP surveys. The M3 IP plot 
surveyed: 1 - with the array AMNB on the surface; 2 - on the surface when the current electrode A 
was placed in the borehole; 3 - with MN fixed on the surface and the currrent electrode A moving in 
the borehole. 4 - deluvions; 5 - volcanic sedimentary pack; 6 - serpentinites; 7 -limestones; 8 - 

disjunctive fault; 9 - sulphide mineral zone. 
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Fig 11. Geological section with IP contours according to the measurements carried out in 
boreholes with three electrode array. 1 - diabase; 2 - serpentinized hartzburgites; 3 - sulphide target; 
4 - disjunctive fault; 5 - the M3 IP contours (in mV/V)surveyed using the array AMN,B-> 
(AM=MN=2.5m) moving in the borehole; 6 - mine works. 
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Fig 12. Increase of depth investigation using greater gradient array separations. 1 - volcanic rocks; 
2 -detritic argilaceous pack; 3 - sulphide ore body; 4 -disjunctive fault; 5 - M3 IP contours in mV/V. 
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Fig 13. A longitudinal geological section with IP contours provided by deep IP electrical soundings 
1 - detritic argilaceous pack; 2 - volcano-algomeratic rocks; 3 - pillow lava; 4 - gabbro; 5 - sulphide 
mineral zone: a-verified, b-predicted; 6 - the IP contours in %; 7 - the M3 IP contours in mV/V; 8 - 

boreholes; 9 - lines of integration survey. 


6. Conclusions 

1. The IP anomal effect is strongly amplified if one of the current electrodes is placed in borehole, 
because the current flow density, passing through the ore body is increased. 
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2. The configuration of anomaly is determined by the position of the electrical array in relation with 
ore body and by its spatial position. 

3. The IP anomaly, in plan contours, is longer extended than the target's edges. But, however, its 
character is different from the target projection. 

4. The underground IP survey is one of the ways of increasing of depth exploration, at least up to 
depth 600-800m. 

5. Our POLARELF-F (POLARELF-3), POLARPRIZ-2, POLARPRIZ-IP and POLARPRI-3P programs allow an 
accurate calculation of IP anomal effect of the polarizable targets of any shape with the same 
resistivity with surrounding rocks, for underground current electrodes. 
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INTERPRETATION PROBLEMS OF ELECTRIC SOUNDING 
AND PROFILING IN REGIONS OF COMPLICATED 
GEOLOGY AND RUGGED TERRAIN 
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1* Introduction 


The widespread us£ of shallow electric soundings for engineering studies 
and in mineral prospecting and the use of deep electrical soundings in the search 
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for oil and gas, have brought forth some problems related to the interprets!; x. 
of the electric soundings in cases of complicated geology arid rugged terrain ir. 
some regions of Albania. The experience gained and the theoretical analysis 
the phenomena observed create possibilities for their solution and the over- 
coming of their influence. 

Electric soundings are interpreted by comparing them with theoretic^ 
models of simplified geoelectrical sections (horizontal, sometimes inclined 
layers which a re a I ways flat and have infinite extent, without horizontal changes 
of the resistivity). In practice the use of electric sounding involves a number of 
aspects related to the surface geology and terrain: 

— the relief is rugged in many areas; 

— lateral (abrupt or gradual) changes of resistivity exist due to if ? 
presence of different types of rocks. The contact between them may 
be outcropped or may be covered by overburden; 

— the geological structures have smaller extent than their depth, so the 
geoelectric boundaries are limited; 

— various types of geological structures arc often situated close to each 
other, at the same or different depths. 

The above mentioned factora influence the scattering of the electric field 
and consequently the values of the apparent resistivity measured during lh? 
electric soundings. 


2, Terrain effect In resistivity surveys 


Rugged terrain causes deformations on the sounding and the resist ivit> 
profiles [DaHNOV 1953, KOEFOED 1979, FraSHERJ et ah 1984) due to the 
changes of the subsurface current distribution. For example when the current 
line configuration is perpendicular to the strike of a crest, the apparent resistivity 
at fust begins to decrease, because of the decrease of the current density in the 
region where the potential electrodes are placed. The opposite is the case when 
the centre of the sounding is located over a valley. A more complicated 
influence appears on the resistivity curve when the centre of the sounding is 
located over the foot, or a crest, or over the side of a valley. If these deformations 
are not taken into consideration they may lead to a wrong interpretation. 
Evaluation of terrain effects can be made in two ways: firstly, taking into 
consideration not only the sounding to be interpreted but the neighbouring 
curves as well. At the same time information about the resistivity of the 
outcropped rocks in the sounding area must be provided. Secondly, correction 
of apparent resistivity with respect to the terrain effects is carried out. 

For terrain correction we use the finite-element method to solve numeri- 
cally the Laplace's equation in order to study the dseftic in a 

heterogeneous medium with curved boundaries of say /). 

The finite-element modelling procedures are treated^ioa^ettMi^^ ^ several 
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Fig. i. Three-layer geodectric model for finitc-ck merit method to compute two-dimensional 

Icirairi correction 


/. dbra. Haromreleges ^eodcktroinos model I ketdimctizics tciren koir-efccid szamiLdsahoz 
Puc. flaysvcepHa^ TpcKC^OHiiaK reo3^cicTpn t lcCKaji Moment ^jua pacncTa nonpaRjoi ja 
fcuEdHiocc pentetfea mctq^om KOHttlHhix :-uii?MeE!TOB 


publications [e.g. HOLCOMBE, JIRACEK 1984, FOX et al. 1980 or PRIDMORE 
ct al . 1 98 1 ] „ For the calculat ion of terra i n effect along two-dimensional structure 
a special algorithm was used, the mathematical elements of which are presented 
in earlier works of the author [FRAS^&I 1987^S^ftSKfiK eiVfj 

In accordance with this algorithm ft mogr&m, j&ftjfbrt^ss^77 

programming language was developed, those 

of many other authors [FOX et al. 1980, StOLCXMJEjJlERACEK 
1984, SCRIBA 1981, PRIDMORE et a), 1981 ,jOY 1M©E SatfOJtf K4^. We use 
the ordinary variational problem for eiifetic dtflfej^ittal ©fliisSSoiSB as described 
by AMES [1977] and Zienkiewicz f.1071, passing She ■:&£ a 

BULL DPS7 computer with models of a ^kv^the 

computer time ranged from 5 minute (for ■piling) to 20 ntinute (for 
soundings). Correction of the terra?, effects WkASMSti dl &j~ 19**] and 
construction of synthetic curves of tbs zp&xtni resistivity with ly 

curved layer boundaries for both soundfog arad '^rc 

performed by this program. 1 * 

In Fig. 2 the correction of the tih&an dte$B ss pfesefildd wfeea Ui6jS£*ief 
is broken by a crest and a valley; the s«4soO has two balf-M^ers 

divided by a vertical plane. Apparent resistivities, measured with fixed-source 
gradient and Schlumberger arrays, present minima over the crest and maxima 
in the valley, accompanied by smaller anomalies on both sides. After terrain 
correction, the profiles of the apparent resistivity assume their normal view. 
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Fig. 2. Terrain corrections of resistivity profiling over a vertical coiilacl, computed whh 
ELTRON-3 program, a — fixed-source gradient array [MN“i x =l /30 AB); b— on dine 
Schlumhergcr may £AB-6Ax-6 MN) I — corrected curve; 2 —curve with terrain effects 
2. d bra. Az LLTRGN-3 programme) szamitott terten korrekeio erlekek fliggdleges hatirfelulet 
fdelti ellenallas szdvenyezeshez. a— gradient elrendezfc (MN-Ax-lSo AB); b— Schlumberger 
eltcndezes (AB=6Ax Ta 6 MN) 1 — korrigalt gorbe; 2 — (erren hatasl lartahnazo gdrbc 
Puc- 2 r rionpa&Ka rtumibix oJTCKTpimecjcoro b c put k ilt h e ll i m 

KGHTaKTOM, pac^HiauHaja nporp&MMOfl ELTRGN-3. a— no ycTaHOBKe cpe^Himtix 
rpaanciiTOH npM MN =Ax-/ 5 tt AB; b-^JTSf CHMMcrpstHuoH ycranoEKn AB=6 Ajc- 6 MN 
1-nonpaR.ncHHtift i pattern; 2-ncxojiifbifl rptufrmt c kjjuhhsicm pcnbccfra 


In Fig. 3 synthetic AMNB soundings carried out on a mountain crest and 
over a valley formed in homogeneous half-space are presented. For the 
soundings carried out over the valley or on the top of the crest, curves with 
similar appearance to the two-layer curves are obtained, the right flanks 
ascending and descending respectively. The interpretation of these curves may 
lead to a fictions two-layer section. When the soundings arc carried out at the 
border of the crest or the vail ey, the c urves ha ve other th ree -lay er con fi gu rat ions 
of the types K and H, respecti vely. 
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Fig. i. Synthetic AMNB sounding curves over an isotropic homogeneous medium. Array para I id 
lothc profile. ESI — in a valley; E52^on the margin of a valley; ES3 — at the top of a crest; 

ES4 — on the margin of a crest 

i. abra. Szintetikus AMNB szondmsi gorbe izotrop homogen kozeg felett- A teriles 
parhuzamos a szelvcnnycl. ESI — egy volgyben; ES2 — egy volgy szegelyen; ES3 — egy 
hegygerinc letejen; E$4— egy getinc szegelyen 
Puc. J. TeopCTK'tecKHc k public 833 naa oaiiopoauoR HaoiponnoH cpeaoft, Tokki 
ES l-paJMcmctia B ttS.iKHt; ES2-na upas jojiHtihi; ES3— na xpe&Tc; ES4— Ha itpae tpcSta 


In Fig. 4 apparent resistivity profiles of the fixed-source gradient array are 
presented over a section with 80 m level difference. Profile * r is calculated in 
an analytical way with the above mentioned algorithm' profile 'V gained 
through physical modelling with electrical conductive paper is given for 
comparison. The shapes of these profiles arc similar* although the absolute 
values of the apparent resistivity are different because the physical modelling 
does not possess the same conductivity as rrkfematical model , The profiles 

reveal that the hills and the valleys casise of the apparent resistivity 

which amounts to some thousand pqjnspii &bove a medium of 1000 £im 
resistivity. 

In all cases shown above, fef ££#$b£tricai models the current 

sources A and B are point sources: All tbs ^c^Sfcfmgs and rile profilings are 
carried out parallel with the profife djritfWk in £ Wgjures . 
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Fig 4. Comparison of apparent resistivity profiles based on mathematical and physical 
modelling. Fixed source gradient array. I— mathematical modelling; 2— physical moddtir,; 
4. dbri 2 . Maiematikai es fi/.ifcai model lezescn alapulo latszolagos dlcnallass^eK'enyezcs 
ossKha^onlitiia. 1 — matematikai modelleze^’ 2 — fizikai modelled 
Ptic. 4. ConocT-aB.ieime. rpa^Hxou, nojiy^ciuiux no ^ajurntM HaTCHaTiimecKoro si 
<Jih aim ec koto MQ^cjinpoBaiTHH, jyis cxcmu cpeAHHHhix rpa^HeiiTOP 1— no jiaiMUM 
MaTevtaTHKecKoro MOse^HpoMmTfl; 2-no aaHHbnu titans ecKoro MOjrcjiHpOBamist 


3. of buried and boundaries 



■ »■: 3 *,:..’.- , 4 . =-:*■ 

lntetfaoe|^^^^rcx;ks wilh differential^ j|f (for example limestones, 
flysch or halitic deposits in Albania) influence the scattering of the electric field, 
as a consequence the measured resistivity curve is deformed, The effect of 
outcropped, vertical contact was analysed by well-known authors [e,g. DaH 
NOV 1953J. Nomograms were constructed to conect the contact effect, when 
the position and the reflection coefficient of the contact ate known- Evaluation 
of this influence is especially indispensable in the neighbourhood of resistive 
salt diapirs in Albania. 

In Fig , 5 a sounding observed near a salt diapir (1) is presented together 
with the corrected curve (2) for the influence of the vertical contact of the salts 
The sounding is situated over flysch deposits with a resistivity of about 20 £2m, 
covered by alluviums. The contact caused ail increase in the resistivity of the 
second electric layer (flysch) to 50 Qm and at the same time there are signs of 
a noncxistant third layer of high resistivity. After correction, these false 
phenomena could be avoided. 

The study of the influence of more complicated boundary was possible by 
the ELTRON-3 program for 2-D models and ELTRONHA for 3-D models 
[FRASHERI 1987], In Ffg. 6 electric soundings are presented over two-layer 
models with a buried vertical contact. Interpreting the curves deformed by the 
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Fix- 5. Deformation of the apparent resistivity cu rve from the vertical conlacl and correction 

1 — uncorrecled; 2 — corrected 

5. rihra. Utszolagosellenallis gorbe fiiggoleges hatarfelulet aha] okozolt Torzulasa, es kerrekeid 
1 — Hem korrigalt gbrbc; 2 — korrigalt gorbe 

Puc. J. Ha&JTiojtCHHuc Hexane hmlic h nonpaa,TCHHbie k pun. lie npu h&tIH'jiih sepm ita/i tiioro 
KoitTsiKTa 1 — HaGnio^tH Mas k. p u b a a ; 2— n o n paioe is Han k p ti Ha n 



: \ — E— 2 


Fig. ft Effect of a buried %enical contact. I— sounding curves modelled with ELTRONHA 
program; 2— interpreted (false) boundary- ■without the influence of 
5, dhra Ellemcjctt fiiggdleges haiirfelulel hatasa. 1— az 
szondazasj gorbci 2 — -erte line sett (ha mis) hatirfeKilct a fuggoleges 
Puc. 6. Bjihshhc ctuieKcyptT- 1— KpHBijui B3X pacsstTaKHasr no n p o&rjp j| 

2— jiojkhejk reoojieKTpHHtckiiK ropnaonr, noayweHHMH 

KenonpanneHnoM Kpnsofi \ 


7 




129 


62 


Alfred Frasheri 


influence of the contact, the lop of the basement is defined as being a: a 
shallower depth than it really is. The impression of the existence of a right-hand 
structural flank is also created. 

From the results of tills modelling it can be concluded that precise 
determination of the thickness of the first layer can be carried out onlv 
this thickness (i.e, the basement depth) is at least ten times smaller than the 
sounding distance from the vertical contact. For smaller distances the effect is 
not negligible and the curves need to be corrected. In order to do this, we should 
previously know the position of the near-vertical contact. The presence of the 
vertical (even buried) contact of high resistivity causes a more distinct increase 
of the apparent resistivity in the right flank of the curve than in the case of 
horizontal layers, This peculiarity creates the possibility of detecting (in some 
cases) the vertical contact of high resistivity. 


4. Influence of lateral resistivity changes in the geoelcctrical horizon* 


Geophysical prospecting has revealed that there are facial changes, which 
in some regions of Albania are accompanied by great lateral resistivity changes 
For example, the calcareous core of an anticline with limited (as small as 
1-2 km) dimensions and the terrigenous deposits around it represents an 
extraordinarily great lateral change in the layer resistivity. 

In order to study the influence of the lateral change of the layer resistivity 
for tli is type of anticline, we modelled — exploiting the ELTRON-3 program 
™ lhe , case when the structure is slightly wider than its depth (sec Fig ?\ 
Analysing the calculated curves, it is obvious that the side effects of the resistive 
basement is felt even at long distances from the edge of the hoist, and it is 
expressed by an increase in the apparent resistivity. 

Two-layer curves of the apparent resistivity do not have regular configu- 
ration, they are much more similiar to tli^ ^b^ .of inclined layers with 
considerable dip angle to the side vertical electric soundings are 

carried out with a shorter array than is whole curve, only the 

beginning of the upward left flank will bej^^iiedL Observing these short 
curves it can be supposed that the top of the limestone becomes deeper the 
further it is from the horst centre, belonging to a wide anticlinal structure. Over 
structures that have comparable dimensions and layering depth, the apparent 
^ reduced as a consequence of current deviation because the electric 
flows alongside the structure. This causes the top of the structure to 
as if it is at a greater depth than it really is. 

I^^^ounding carried out in grabens filled with conductive overburden and 
'i^rrdt’rcd by rocks of high resistivity (e.g, limestone), displays a deformed curve 
as well, when the width of the graben is smaller then the length of the electrical 
sounding array. To avoid the influence of the above analysed phenomenon and 
the misleading interpretation the following measures should be taken; 
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1 2 3 ^ — 4 



Fig. 7. Apparent resistivity curves placed .-ter cm a horst. I — synthetic curves computed wtih 
ELTRON-3 program; 2— analytical curves that fit lo ihc synthetic curves- 3 — analytical curve 
assuming the harst lobe harixontally infinite- 4— geodcclric horizon afttr inlerprcfation which 
does not consider the horsl limited in the horizontal direction 
7 dbra. Utoolagos eltenallas gorbekegy sasbeicen kercszliil. 1— az ELTftON-3 programmed 
szamitotl szintet ikus gorbok; 2-~a szi ntel i kus gbrbcre i I lesztendo anal ii ikus gorbek ; 

3— analitikus gorbdk a sasberc ojdaliranyu vegtelen kiterjedeset felteteleive; 4— geoelektiomos 
szins crtelmezcs uian, nem veve figyekmbe a sasberc korlalozott oldaEiranyu kilerjedesel 
Puc 7. Kpuflue B33 no [ipocfiMJiEO, pacnDiioBteimowy BKpecT ropexa J— CnHicTTmecioic 
KpitRFjie, pacyirraHHbie no nporpaM.vre ELTRGN-3^ i-TeopCTHitcKHc kpitrmc, 
cola naia ton me c tHHicTH^eciciiMif' jl— TeopcTHuccKife xpifsbic rrpH ropfooiiTanbnoM 
no/io^teHUH KpOBJiti 6ccKojieHHom roper a; 4— JlcoKichifi reoaieKTpii^ccKH* ropmmr, 
nojiyueuKhTH npit MnrcpnpeTamui 6c s ysiera b-thhumk orpAHitHCHHocru ropcTa u Sokoitom 

(tatlpaRJicnmi 


— field find regular surveys should be carried out, to detect as clearly 
and surely as possible the structures. When interpreting the sound- 
ings* structures may turn out to be different in form and dimensions 
from the surrounding structures and may not correspond to the 
recognized tectonics of the region. In such cases the side effects of 
the soundings should be thoroughly studied; 
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— study of the structural form should be carried out together with - 
study of the lateral resistivity changes in the layers constituting the 
section over the geoclectric horizon as well as the horizon itself 

— sounding should be carried out with long array, so that the sounding 
curve to be as complete as possible; this allows us to cany out some 
sort of classification of the distortion effects; 

— interpretation of the curves carried out in the regions of complicated 
geology should not be carried out solely by comparing the theoreti- 
cal models for horizontal layers, Interpretation should begin with - 
comparison of the curve of the parametric soundings on boreholes 
with the synthetic curves calculated from the data of electrical we" 
logging. These synthetic curves should be computed for simple 
models with horizontal layers as well as for the supposed geoelec- 
trical structures in the region applying the ELTRON-3 program 


5. Conclusions 

The apparent resistivity values measured during electric soundings in 
geologically disturbed (lectori zed, folded, mountainous) zones reveal the 
influence of lateral contacts, gradual lateral changes of resistivity, and of the 
rugged terrain. The influences can add up to 50% of the resistivity values. Hence 
the curves of the electrical sounding are deformed, thereby influencing the 
geoelectrical interpretation as well. To analyse the above mentioned effects it 
is necessary to implement a regular grid of soundings and it is advisable to keep 
the length of the arrays sufficiently long. Correction of the apparent resistivity 
values is needed. The finite-element method is suitable for computing the 
apparent resistivity of soundings or profilings in a heterogeneous environment, 
The programs ELTRON-3 for2-D models and ELTRONHA for 3-D models 
can be utilized for this purpose. These models are of great value for qualitative 
interpretation. 

To avoid the terrain effects, the effects of the buried vertical contact, and 
the lateral structures parallel to the array, it is essential to use 3-D finite-element 
modelling. 
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ELEKTROMOS SZONDAZAS tS SZELVENYEZES ERTELMEZESI 
PROBLEMAI BONYOLULT FOLDTANI SZERKEZTtJ ES EGYENETLEN 

FELSZfNO TERCLETEKEN 


Alfred FRASHfiRI 

Komplikait geologiaju es cgycretien felszinu leriUeteken [p3. Albanidak gyurt hegylancai) 
vegzetl elektromos szondazasok az elcktromas ter szorodasat mulaltak. A banyolult geodektromos 
kozeg jcllcinzoi az dlerallas oMaJiranyu vallozasai, a gcologiai szerkczetek vcgcs kiterjedese, 
szamos, egymashoz kozd fekvo szcrkdct esaz egyenetlen felszin, 

Mivel az ele klromoster szorodasa torz bja a lalszolagos cl Icna! las c rtckc kel „ az dl eral las gorbek 
kicrtekdase a jeSenseg figyeleinbevdde es halisahmk kcrrigalasa nclkul inegbizhalathfi kep 
klalakulasahoz veaethet. Ezert egyenaram eleklromos terenek szorodasat vizsgaEluk, heterogen 
kozegben T torotl batarfduletek es egyencElen lerepviszonyok nidlctt. A potcncial vilaszokat kvazi- 
harmonikus poleneialcgycnkE [kei- es haromdimendds) segitsegevel batiroztuk meg* Neumann- 
fele liatarfdtcldck figydcnibevetelevel. A kvazibannomkus egyenlet trapezoid alakzarra vald 
megoldasahoz az also fclierben a megfelelo van ados problernaval helyetEesitettukazt. Igy a veges 
denies mddsze rrd doallfthald a megoldas, az elektromos ter szdrodasdnak egy kozeliio leir&sat 
biztosilva. Kct sximitogepes programot kes diet tank Fortran nyelven, kddmi&nztoseshironidinien- 
zios modellezeshez- 

Bemutaljuk nehany geoekktromos model! eredmenyet. A model lekben az elektromos szon- 
dazasokat kiilbnbozo tipusu kozetek Ivatarfeliuletd, vagy sasbercek £$ arkok foie kclyeztiik- A 
programok kuldnbdzo halisok korrekeioinak vegrehajtasara is szolgalrak, bdeertve a terren kor- 
rcfccior is. 
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On the application of geophysics in the 
exploration for copper and chrome ores in 
Albania * 1 

Alfred Frasheri , 2 Ugor Lubonjs 3 and Perparim Aljkajj 2 


Abstract 

Some generalized results of geophysical exploration for copper sulphide and chro- 
mite ores in Albania are presented. The most important geophysical methods used 
are electrical prospecting, gravity s magnetics and electromagnetics. Physical 
properties of the ores, genesis and geological problems to be solved have deter- 
mined the proper choice of any of these methods in the complex exploration. 

Introduction 

The search for copper and chrome ores in Albania, as well as for other solid min- 
erals, oil and gas included is carried out using a wide complex of geophysical and 
geochemical methods. 

In mineral exploration geophysical methods have contributed to the search for 
ore bodies or mineralized zones and in geological mapping. 

Electrical prospecting and sometimes magnetics, EM and gravity have been the 
main methods used in the search for copper sulphide deposits. Exploration to a 
depth of 600-700 m has been performed with the induced polarization (IP) 
method. 

Chromite ore exploration has been carried out using gravity, magnetics and 
induced polarization methods. Many good results have been obtained but in com- 
parison with copper exploration, chromite exploration is more complicated and 
more problematic. 

Physical and geological bases for geophysical exploration of copper 
and chrome deposits 

Copper ore deposits in Albania arc mainly connected with an ophiolitic belt in the 
Mirdita zone. Mineralization is present in the form of sulphides such as pyrite and 
chalcopyritc located in volcanogcnic rocks (diabase, spilitc, keratophyre) and in 


1 Paper presented at the 53rd HA LG meeting, Florence, Italy, May 1991. Received November 1992, 
revision accepted December 1994- 

Polytechnic University of Tirana, Faculty of Geologv and Mining, Tirana, Albania 
+ 3993. Formerly at J . 
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effusive rocks of volcano-sedimentary formations, and in the form of quartz- 
sulphides in gabbro rocks* The mineralization in volcanogenic media forms either 
concentrated orebodies or simply disseminated sulphide zones or both. The min- 
eralized zones range from some metres to some hundreds of metres wide and from 
some tenths of metres to kilometres on strike. Massive or vcinlet orebodies are 
often present inside these mineralized zones. In volcano -sedimentary formations, 
mainly massive orebodies are found. 

In Table 1 the results of a petrophysical study of copper sulphide ores and the 
surrounding rocks are given (Avxhiu 1979; Alikaj 1989). Several hundreds of 
examples have been tested for every physical parameter included in the study. 

The most typical and distinctive physical properties are chargeability and resis- 
tivity which are conditioned by mineral content, structure and degree of rock alter- 
ation, The surrounding rocks are characterized by a low value of chargeability and 
a higher resistivity than sulphide ores. 

The sulphide ores have a higher density than the surrounding rocks and when 
they contain pyrrhotile and/or magnetite they exhibit magnetic properties. 

These four properties serve as bases for the application of IP, resistivity, EM, 
self-potential and mise-a-la-massc in copper deposit exploration. Occasionally, 
magnetic and gravity methods have also been used. 

The chrome ore deposits are linked mainly to the upper part of a harzburgice- 
dunitc-tectonite sequence, as well as to the lower part of a dunite cumulate 
sequence of ultramafic massifs. Most chrome-bearing deposits are of pod i form 
type, less are stratiform. 

Dunites and harzburgites are often serpentinized and contain secondary magne- 
tite in a fine-grained disseminated form or thin veinlet. 

These orebodies occur as sparsely -to- densely disseminated, nodular, belted or 
massive chromites. The type of ore is chromespinclid, mainly magnesian and 
sometimes ferrous. Its chemical composition is simple and the content of olivine 
and serpentine varies. In some cases the chromite grains are enclosed by secondary 
magnetite membranes, which arc crystallized as a result of intense dynamic pro- 
cesses, Secondary magnetite is also present in chromite and serpentine. 

In Table 2 the physical properties of various kinds of chrome ores and ultramafic 
rocks are presented (Frasheri 1974; Lubonja and Frasheri 1966). 

The chrome ore density is determined by the Cr 2 0 3 content and, in general, for 
a simple case, the following dependence is observed (Frasheri 1968): 

5 = 4QX + 2000, 

where <5 is the ore density in kg/m 3 and X is the percentage of Cr 2 0 3 in the ore. 

This relationship is not unique, because the ore density is dependent on the 
degree of serpent inization of the olivine and also on the microfissures. 

Large chargeability values are characteristic of chromites which contain second- 
ary magnetite in veinlet or network form. Due to chemical and thermal remanant 
magnetization, some chromite ores are magnetic. 

© 1995 European Association, of Gcoscicniists & Engineers, Geophysical Prospecting, 45, 743-757 
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The petrophysical properties of ultramafic rocks are mainly subject to the degree 
of serpentinization and the physical and mechanical conditions. From Table 2, the 
following conclusions can be drawn : 

1. Density is the most stable and typical property used to differentiate between 
chromite ores and ultramafic rocks, thus gravity is the basic method used in our 
chrome exploration. 

2. The values of geophysical anomalies over orebodies depend on the physical 
Contrast between the chromite and the surrounding rocks. 

3. Sometimes the physical property contrast between chromite and ultramafic 
rocks is very low, and thus no geophysical anomaly of this parameter can be 
observed, 

4. Over some areas of ultramafic rocks, some geophysical anomalies can be fixed, 
due to a physical property contrast with the surrounding rocks. 

Based on these conclusions we can state that geophysical anomalies reveal some 
targets which have a high probability of indicating the presence of chrome 
orebodies. Their lack shows only that within the depth of investigation, orebodies 
exhibiting a sufficient contrast to ultramafic rocks do not exist. Thus, geophysical 
exploration for chrome ore is rather complicated, and an integrated interpretation 
of geological, geophysical and geochemical methods should be used. 


Geophysical exploration for copper ore deposits 

During the 1960s the main electrical prospecting method used in copper explora- 
tion in Albania was the self-potential (SP) method. Resistivity and magnetic 
surveys were also carried out, and occasionally the gravity method was used. Good 
results were obtained from this integrated interpretation for shallow depths, some 
tenths of metres (Fig. l)(Frasheri 1963). 

After rapid development in the early 1970s, the IP method became the major 
surveying method for copper sulphide exploration, while the other methods served 
as complementary or follow-up methods. In this period the depth of investigation 
increased to 200 m (Fig. 2) (Avxhiu 1979), 

In the last decade our copper exploration was extended to greater depths, to 
400-700 m. For this purpose we used the following procedures : 

1* New IP instrumentation consisting of a high- power transmitter and a high- 
sensitivity receiver was used (IPC-7/I5KW, IPR-10A, IPR-11), produced by 
SCINTREX. 

2. The surface- to -hole IP responses were studied theoretically and experimen- 
tally to investigate the orebodies around the boreholes, especially at great depths 
(Lubonja et al. 1985). 

3. The possibility of separating low amplitude and frequency IP anomalies was 
also studied (Lubonja et al. 1 984). 
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Figure 1, Geophysical profiles and geological section of a copper sulphide ore deposit (1) 
Ultrabasic rock. (2) Argillaceous schists, (3) Diabase, (4) Massive orebody. (5) Disseminated 
mineral zone, (6) Tectonic faults. 

4. The results from direct mineral exploration and geological mapping by geo- 
physical methods were coordinated (Avxhiu, Bushati and Aliltaj 1984). 

In theoretical studies, the IP field distribution in heterogeneous geological 
media, with a lithological boundary of any shape, over a rugged relief was investi- 
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Figure 2. Geophysical and geochemical profiles over the cross-section of a copper sulphide 
ore deposit. (1) Overburden. (2) Keratophyre rocks. (3) Spilites. (4) Disseminated sulphides. 
(5) Massive sulphide orebody. 
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g3(ed- Applying the finite-element method and other techniques, the proper algo- 
rithm and software were developed for computation of synthetic IP anomalies 
(Frasheri, Tolc and Frasheri 1984; Frasheri 1987; Fra sheri 1989). Mathematical 
models were computed for polarizable bodies of any geometrical shape, with or 
without resistivity contrast, in 3D, 2.5D and 2D. The current electrode could be 
set on the surface or underground* 

As a result of theoretical and experimental studies in different geological media, 
the depth of investigation using the IP method in copper sulphide exploration has 
increased markedly, to 600-700 m. Figure 3 shows such a case in a volcano- 
sedimentary formation in north-east Albania. The survey was carried out using 
deep IP soundings with a maximum separation of current electrodes of AR = 4400 
m. 

Chargeability responses for every separation are plotted at points located at the 
approximate depth of investigation, Hi, The geological data are plotted on the same 
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Figure 3. Real section of chargeability (M4) according to the VES-IP measurements in 
volcano-sedimentary formations. (1) Overburden. (2) Ultrabasic rocks. (3) Amphibolites. (4) 
Volcano- sedimentary rocks. (5) Limestones. (6) Disseminated and veinlet sulphides. (7) 
Chargeability contours in mV/V. (8) Centre and the number of VES-IP. 
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Figure 4. ‘Real section 1 of the chargeability (M4) and apparent time constant spectral IP 
parameter (t) over a mineralized sulphide zone. (!) Diabase. (2) Harzburgite. (3) Mineral 
zone. (4) Chargeability in mV/V. (5) Spectral time constant t in sec. 
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section. This type of presentation is called a ‘ real section ’ (Alikaj 1989 ; Langore et 
al. 1989a). Chargeability contours show an anomaly at a depth of 500-700 m. This 
was confirmed by drilling which crossed a thick sulphide zone at this depth. [ he 
shallow chargeability anomaly is connected with the contact zone between ultraba- 
sic and amphibolite rocks, which contain magnetite and scattered sulphides. 

Another important problem of the IP method is to discriminate between high- 
and low-grade sulphide ores. Recently, spectral IP parameters have been investi- 
gated (Alikaj 1989; Langore el al. 1989a). We used the Cole-Cole model (Pelton ei 
al. 1978) in the time domain to derive the synthetic spectral IP parameters nt, r and 
C t according to Johnson (1984). 

The study of spectral IP parameters was carried out in samples, at test sites and 
under field conditions. The main conclusion of the study was the good differentia- 
tion between massive or veinlei sulphide ores and disseminated sulphide ores. In 
Pig, 4 a field case history of a spectral IP survey in Derveni voleanogenic rocks is 
presented. Within the chargeability ‘real section' of the M4 window, a strong 
anomaly of the apparent time constant t was observed. The first borehole drilled 
nearby intersected a thick mineralized zone with some intervals of concentrated 
sulphide belts. However the centre of the anomaly has not yet been verified. 


Some results and problems in chrome exploration using geophysical 
methods 

Geophysical investigation, consisting of gravity, magnetic, resistivity and induced 
polarization methods has provided good results to support the geological mapping 
of ultramafic rocks and their relationship to the surrounding formations, in order 
to determine the geology of the mineralized belts and the primary textures of rock 
massifs (Frasheri 1974; Langore ei at, 1989b). We present some results of chrome 
exploration, below. 

Over the orebodics, weak gravity anomalies are observed, which are more 
evident after the field transformation. Figure 5 shows a case study from north-east 
Albania (Frasheri 1974). It must be noted that such anomalies can also be caused 
by fresh rock isolations settled among serpentinized rocks. Magnetic surveys may 
help in some cases to solve this problem. Depending on the orientation of the 
magnetization and the susceptibility contrast of the orebody, magnetic anomalies 
can be either negative or positive (Figs 5 and 6) (Lubonja and Kosho 1974; Fra- 
sheri 1974). Positive magnetic anomalies have been also recorded over the magnetic 
serpentinites which contain secondary magnetite due to dynamometamorphism. 
But these cases differ from those of orebodics because of the lack of gravity anom- 
aiies. 

In many cases IP anomalies are observed over orebodics consisting of polarizable 
chromite (Fig. 7) (Lubonja and Frasheri 1966). These anomalies are often wider 
than orebodies due to a dunitic envelope which presents the same IP parameters as 
chromite ore. In some cases IP anomalies are also caused by polarizable ultramafic 
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Figure 6. Geophysical profiles and geological section over a chromite ore deposit, (i) IP 
profile. (2) Resistivity profile. £3) Anomaly of the vertical component of the magnetic field 
profile. (4) Harzburgite. (S) Duniie. (6) Chromite ore. (7) Gradual geological boundary. (8) 
Overburden. (9) Mine working. 
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Figure 7* IP and resistivity profiles over a cross-section of a chromitic ore deposit. (1) IP 
profile, (2) Resistivity profile. (3) Massive chromite. (4) Disseminated chromite. (5) Har 2 - 
burgite, (6) Dunitc. (7) Tectonic fault. 


rocks. Some laboratory tests of chromite samples with spectral IP have shown no 
correlation between Cole-Cole parameters and chrome-bearing. 

In our experience of chrome exploration* we have found examples where the 
distribution of physical fields is very complicated, because the ultramafic rocks are 
very heterogeneous. In these cases, the ‘ore 1 anomalies may be detected using an 
integrated interpretation of geophysical and geological data. However* the compli- 
cated physical fields render more difficult the data interpretation and decrease its 
reliability. 

In order to increase the depth of exploration for chromite ores, we have suc- 
cessfully used the borehole magnetic survey and hole-hole radio-wave method (big. 
8) (Gjovreku 1986). In borehole S-17 which did not intersect any orebody, an 
anamalous sector of the total magnetic field vector T at a depth of 190-330 m was 
observed. This anomaly was interpreted as being caused by a magnetic chromite 
orebody between the boreholes S-17 and S-16. The shallow boreholes S-l, S-2, 
S-3 and S-4 drilled at the end of gallery G-5 intersected the predicted orebody. 
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Figure 8. Results of a three-component borehole magnetic field survey in the search for 
chromite ores, (Anomaly of total magnetic field T). 
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GEOTHERMAL ENERGY SOURCES IN ALBANIA 

Alfred FRASHERI 1 , Fiqiri BAKALLI 2 


Abstract 

The results of geothermal investigations in Albania and the possibilities of exploitation of 
geothermal energy sources are treated in this article. 

The aim of this paper is to present the posibilities for the extension of energetic resource in 
Albania through the use of geothermal energy. 

Geothermal investigations in the past three years have shown there exist possibilities for the 
exploitation of the geothermal energy in Albania. The ways of exploitation of this kind of energy 
are also given. 


1. INTRODUCTION 

Albania is a mountainous Mediterranean 
country with numerous natural energetic 
resources. There are many rivers flowing 
from the mountains where seven hydro- 
power plants have been built, with an 
installed power of 1427.1 MW (Frasheri 
N., 1994) 

There are about 20 oil and gas reservoirs 
under exploitation in Albania, producing 
about 1.2 Mt oil (Albanian Encyclopedic 
Dictionary, 1985), but the last years the 
production is decreased and in 1993 only 
about 649.8 Kt of oil was extracted. 

There are tens of coal mines in Albania, 
with an output of over 2 Mt coal in 1984 
and 214.6 Kt of coal in 1993. 

The Albanian energetic system is mainly 
based on electricity produced by hydro- 
power plants. The climate of Albania is a 
typical Mediterranean one, with a hot and 
dry summer. This climate makes the 
electrical system (based on the water 
resources of Albania) very capricious. 

In the present conditions of a new 
Albanian market economy, together with 
the transformations in the management of 
existing energetic system, the study of 


other energetic sources has begun. There 
are great possibilities to use these sources 
of energy (about 129.3 K.kal-cm^year' 1 ). 
In the coastal areas the average wind speed 
is about 2. 8-3. 8 m-sec' 1 (Climate of 
Albania, 1978). There are many regions 
where the wind speed is several times 
greater than that in the above-mentioned 
regions. This is another important source 
of energy. 

In Albania there are also many thermal 
water springs and wells of low enthalpy 
with a temperature of up to 65.5 °C, which 
indicates that it is possible to make use of 
the geothermal energy. 

2. GEOLOGICAL FEATURES 

The Albanides form an integral part of the 
southern branch of the Mediterranean 
Alpine orogen. They are subdivided in two 
zones: the Internal and the External 

Albanides. 

The Internides are formed by the Mirdita 
ophiolite nappe which is separate from the 
oceanic Subpelagonian Trough (Geological 
Map of Albania, scale 1:200,000, 1984) 

Geological and geophysical studies carried 
out in the External Albanides and in the 
Adriatic Sea display distinct structural 
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belts which are related to different tectono- 
stratigraphic units. From East to West the 
External Albanides consist of the Krasta- 
Cukali isopic zone, the Kruja zone, the 
Ionian zone and the Sazani zone. While in 
northern Albania the Albanian Alps zone is 
located. 

The Kruja zone is characterized by a 
1500m thick Cretaceous to Paleogene 
neritic carbonates and 5km of Oligocene 
flysch. Local Tortonian of the continental 
sandstone facies lies unconformably on a 
variety of older strata. 

The Ionian zone is made up of a thin- 
sinned fori and thrust belt which is 
detached from the basement at the level of 
Permo-Triasic evaporites. Late Triassic 
and Early Jurassic neritic limestones and 
dolomites contain cherts. Oligocene and 
Aquitanian series are developed into flysch 
and flyschoide facies. 

At the base of Burdigalian to Serravalian 
series, in the clay-marl series of present 
molassic facies an angular unconformity is 
developed. 

The Preadriatic Depression is filled with 
continental and deltaic Miocene and 
Pliocene series. Serravalian sandstones 
and clay lies unconformably on deformed 
older strata and are themselves involved in 
compression structures. 

Generally, carbonate rocks are fissured and 
karstified, thus forming important 
groundwater reservoirs (Dakoli, H., et al. 
1981, Hydrogeological Map of Albania, 
scale 1:200,000, 1985, Eftimi R et al, 
1989). 

In the western part of Albania, there are 
two cartesian basins: Adriatic and Tirana 
basin. The sandstone aquifer of the 
Tortonian deposits generally have a low 
permeability (the medium specific yield of 
the wells is about 0.04-1 l-s^m' 1 . 

3. METHODS AND STUDY AREA 


Geothermal studies carried out in Albania 
are oriented toward the study of the 
distribution of the geothermal field and the 
natural thermal water springs and wells. 
The temperatures have been measured and 
the geothermal gradient and the heat flow 
density at different depths have also been 
calculated (Frasheri et al. 1995). 
Temperature measurements were carried 
out both in 145 deep wells, in boreholes 
and in mines, at different hypsometric 
levels. 

The temperature in the wells was recorded 
at regular intervals. It was measured by 
means of resistance and thermistor 
thermometers. The average absolute 
measurement error was 0.3°C. The 
measurements were carried out in a steady- 
state regime of the wells filled with mud or 
water. The recorded data were processed 
using the trend analysis of first and second 
degrees. 

The chemical composition of the waters 
was found. The output of the springs and 
wells and their hydrogeology was 
evaluated. 

Geothermal studies were extended all over 
the territory of Albania. In the western 
regions, where oil and gas reservoirs are 
situated, the temperature has been recorded 
in about 120 wells. In the North-East and 
South-East regions of Albania about 25 
boreholes have been studied together with 
8 thermal water springs the chemical 
analyses of which were also carried out. 

4. RESULTS 

The results of the geothermal studies are 
presented in maps and geothermal lines. 
Temperature maps have been drown for 
different levels of up to 5000m depth. 
Geothermal gradient maps and heat flow 
density maps have also been drown. The 
natural springs with thermal waters and the 
geological structures with high water 
temperature have also been mapped. The 
water basins with higher average 
temperature than that of yearly average in 
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one of the regions have been studied as 
well. 

The study of the possibility of exploitation 
of abandoned deep oil wells as “Vertical 
Earth Heat Probes” (Frasheri A., Bakalli 
F., 1995), has already begun. 

5. DISCUSSION 

The geology of Albanides creates the 
premises for the research and exploitation 
of natural geothermal energetic resources 
(Frasheri A., et al., 1995., Frasheri A. & 
Bakalli F„ 1995). 

The greatest heat flow density with a value 
of 42 mW- m' 2 is found in the center of the 
Preadriatic Depression (Fig. 1). In the east 
of the ophiolitic belt heat flow density 
reaches values of up to 60 mW-nT . 

The temperature varies from a minimum of 
12°C at a depth of 100m up to 105. 8°C at a 
depth of 6000m. In the central part of the 
Preadriatic Depression, there are many 
deep oil wells where the temperature 
reaches up to 68°C at a depth of 3000m. 
The isotherm runs in a direction that fits 
that of the strike of the Albanides. The 
configuration of the isotherm is the same 
down to a depth of 6000m. Going deeper 


and deeper the zones of highest 
temperature move in a direction south-east 
to north-west, towards the center of the 
Preadriatic Depression and even further 
towards the north-western coast. 

The geothermal gradient has the highest 
value about 18.7 ruK-m 1 in the center of 
the Preadriatic Depression. Elsewhere the 
gradient is mostly 15 mK-m" 1 (Fig. 2). In 
the south of the country the geothermal 
gradient has low values 11.5-13 mk-m' 1 . 
The lowest gradient value of 7-11 mK-m" 1 
is found in the deep synclinal belts. 
Towards the north-eastern and south- 
eastern regions of Albania, over the 
ophiolitic belt, the geothermal gradient 
increases, reaching the value of 23.5 
mKm' 1 . 

6. GEOTHERMAL AREAS AND 
RESERVOIRS 

In Albania there are many thermal springs 
and wells of low enthalpy. Their water has 
temperatures that reaches values of up to 
60°C (Fig. 3). 

Table 1 presents some data on the water 
temperature for such springs. 


Table 1 


THE THERMAL WATER SPRINGS IN ALBANIA 


N° of 

Location 

Tempe- 

Salt in 

Artesian 

Springs 


rature in 
°C 

mg/I 

Spring 
yield in 
ls-1 

1 

Llixha Elbasan 

60 

0.3 

0 

2 

Peshkopi 

5-43 

9 

10 

3 

Karne-Sarande 

34 

<10 


4 

Langareci-Permet 

6-31 

>10 


5 

Shupal-Tirana 

9.5 

10 


6 

Sarandoporo- 

Leskovik 

6.7 

>10 


7 

Tervoll-Gramsh 

4 

10 


8 

Mamurras-Tirane 

1 

26 

10 ; 


These thermal water springs are mainly 
near zones of regional tectonic fractures. 
Generally the water circulates through 
carbonatic rocks of the structures and 


evaporitic beds at some kilometers of 
depth. The water of these springs contain 
salt, absorbed gas and organic matter. 
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They are sulfide: methane, iodine-bromium temperature that varies from 32 to 65.5°C 

and sulfate types. (table 2) 

In many deep oil and gas wells there are 
thermal water fountain outputs with a 

Table 2 

THE OIL AND GAS WELLS THAT GIVE THERMAL WATER 


N° 

Well Name 

Temperature 
in °C 

Salt in mg* l 1 

Fontane yield in 
l-sec' 1 

i 

Kozani-8 

65.5 

4.6 

10.4 

2 

Ishmi 1/b 

64 

19.3 

4.4 

3 

Galigati 2 

45-50 

5.7 

0.9 

4 

Bubullima 5 

48-50 

35 


5 

Ardenica 3 

38 

15-18 


6 

Ardenica 12 

32 



7 

Semanil 

35 

5 


8 

Verbasi 2 

29.3 

1-3 
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These waters comes from different depth 
levels (800-3000) of limestone reservoirs 
(wells 1, 2, 3, 4) and sandstone reservoirs 
(wells 5, 6, 7 and 8). 

Until now the thermal waters of the springs 
1, 2, 4, 6 and wells 1, 2, 3 in Albania are 
used only for health purposes. These 
waters may be used for heating purposes 
and green houses as well. 

7. DIRECTIONS FOR THE 
EXPLOITATION OF GEOTHERMAL 
ENERGY IN ALBANIA 

The geothermal situation in Albania offers 
two directions for the exploitation of 
geothermal energy, which has not been 
used so far. 

• First, thermal water springs and wells 
of low enthalpy 

• Second, the use of deep doublet 
abandoned oil and gas wells and single 
wells for geothermal energy, in the form 
of a “Vertical Earth Heat Probe”. The 
geothermal gradient of the Albanian 
Sedimentary Basin has average values 
of about 18.7 mK-m' 1 . At 2000m depth 
the temperature reaches a value of about 
48°C. In these single abandoned wells a 
closed circuit water system can be 
installed. This “Vertical Earth Heat 
Probe”, by means of water conversion, 
is coupled with the heat transfer from 
the surrounding rocks downwards, to be 
finally recovered in the tubes (Hoffman 
F„ et al„ 1993). 

Actually in Albania the study of the 
possibilities of exploitation of the 
geothermal energy has begun. 

8. CONCLUSIONS 

In Albania, there are several geothermal 
energy sources that can be used. 


Such geothermal energy sources are natural 
thermal water springs and deep wells with 
a temperature of up to 65.5°C. Deep 
abandoned oil wells can be used as 
“Vertical Earth Heat Probe”. 

The use of geothermal energy in the 
Albania must start as soon as possible, in 
the framework of a separate project, after 
the compilation of the Geothermal resource 
Atlas of Albania” in February 1996. 
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Abstract 

Modeling of geoelectrical sections is carried out by using finite elements in two cases: 

1 . Ore bodies with massive texture having contrast of resistivity with surrounding rocks, 
where modeling is done in 2.5D; 

2. Ore bodies with disseminated texture having no contrast of resistivity with 
surrounding rocks, and modeling is done in 3D. 

There ate taken into account two parameters, the apparent resisitivity and induced 
polarization. The effect of the relief as well as of the global geological structure is taken 
into account as well. Case stories are presented to demonstrate different effects and the 
usability of modeling by finite elements. 

The results of modeling are presented according to new method of real geoelectrical 
section, proposed by Ass. Prof. Dr. Perparim Alikaj, and developed recently in 
QUANTEQ IP Inc, CANADA. 

The results are a synthesis of many years of working and are further developed least years 
in collaboration of the authors with QUANTEC IP Inc. CANADA, in a number of 
projects. 

Introduction 

Resolving of geophysical problems means a finite iteration of the couple 
interpretation ^modeling. Theoretical models exist for a number of ideal cases, rarely 
found in the nature. The problem becomes more complicated when the depth of 
investigation increases, together with the increase of secondary effects as of the relief and 
of the geology of sections. In this paper is treated the problem of modeling of 
geoelectrical real sections by using finite elements to solve elliptic equations in 
heterogeneous medium related with complex geological situations and rugged relief. This 
processus is used both for Resistivity and IP modeling. 


Principles of application of finite elements in modeling of geoelectrical 
sections. 
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The key for modeling of geoelectrical sections is the scattering of electrical field in a 
heterogeneous geological medium under a rugged relief. For this purpose we have used 
[Frasheri A. et al., 1984; 1990-94] the elliptic equation in its generalized form, which 
related weak problem is [Zienkiewicz O., 1977]: 


Where: U is the potential of electrical field; W,w are weight functions; D is the 
matrix of resistivity; nis the unitary normal vector to the boundary S n ; U n is the Newman 
boundary condition value. 


geoelectrical section may be considered as a rectangle, the upper part of it deformed 
corresponding to the relief [fig. 1] 

The boundary conditions are of type Newman which present power electrodes positioned 
in two nodes of the upper edge of the rectangle. In the other part of the boundary we 
normally use Newman conditions zero. 

The solution of the problem (1) gives the scattering of the electrical potential in a discrete 
form. There data need to be interpreted in the right way to give information compatible 
with that collected during field surveys. We had considered two parameters, the Apparent 
Resistivity and the Induced Polarization. 



( 1 ) 


We solved this problem by using parametric finite elements with four nodes. Normally the 


F.E.M, MODELING OF IP FOR A BODY UNDER RUGED RELIEF 
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Fig.l. A finite element section of a geoelectrical section in rugged relief. 
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Modeling of Apparent Resistivity Anomalous Effects. 

The meaning of “apparent resistivity” is related with the formulae: 

p a = AU/AU 0 (2) 

Where: U is the electrical potential of heterogeneous geoelectrical section; U Q is the 
electrical potential of homogeneous half-space with resistivity 1 Ohm.m. 

During the field measurements the U 0 is evaluated by theoretical formulae of the electrical 
dipole: 


U 0 = c(1/R a - 1/R b ) (3) 

Where: U 0 is the potential of the electrical field for the homogeneous half-space; Ra,Rb 
are distances from the calculation point to the current electrodes A and B. 

To carry out mathematical modeling we used two solutions. 

First solution was to solve the weak problem two times, one for the heterogeneous case 
and the other for the homogeneous half-space, having so both discrete approximations of 
U and U 0 for the formulae [2]. The second solution was based on special treatment on the 
boundary conditions. The real geo-electrical section has to be considered similar to the 
lower half infinite space, but the ordinary finite element model implies a finite domain as 
shown in the Fig.l. As consequence the application of theoretical solution for the Uo 
gives deformed results having a non-negligible error. To avoid this error it is necessary to 
imply “the infinite” on the finite boundary. 

A “classical” solution to imply the infinite is to use “infinite elements”. A case of infinite 
elements we used for geo-electrical models is treated in [Frasheri N., 1983], Another 
solution based on hybrid elements and Furrier transform is given in [Tong, Rossettos, 
1978], A simple solution we used for geo-sections having no important heterogeneous 
horizontal layered structure. In this case it is possible to evaluate theoretically the normal 
gradient of the field in the boundary using the formulae: 

dU/dn = c (R a /Ra 3 - R B /R B 3 ) (4) 

Where; dU/dn is the gradient of potential of the electrical field; R a ,Rb are distance vectors 
of the receiving point to the current electrodes A and B. 

In this case we simply calculate the flux of electricity on the boundary nodes and add 
respective values in the right side of the simultaneous linear equations resulting from the 
problem [1]: 


[K].[U]=[F] 


(5) 
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Where: [K] is the master matrix of the system; [U] is the vector of discrete values of the 
potential U in nodes; [F] is the vector of flux concentrated in boundary nodes. 

A comparison of apparent resistivity values over a geo-section with a vertical contact for 
the theoretical, finite elements and “infinite” elements is given in Fig. 2. 

Modeling of Induced Polarization Anomalous Effect. 

We used the finite element modeling of IP in two ways, related with physical 
characteristics of geo-sections. The IP phenomena is modeled mathematically as the 
potential of a double layered surface which represents the boundary between the 
mineralized homogeneous ore body and the surrounding rocks. In reality mineralized ore 
bodies have a certain texture, being not really homogeneous. The bodies with 
disseminated texture have the IP scattered in the volume, and bodies with massive texture 
have the IP concentrated on its boundary surface. The calculation of IP effect is based on 
the formulae of Bleil [Bleil D., 1953; Seigel H.O., 1959], as well as evaluation of 
Komarov [Komarov V.A., 1972] assuming that C(Uo+Uip)~CUo. 



Fig. 2. Comparison of theoretical (1), finite elements (2) and 
“infinite” elements (3) solution for the apparent resistivity 
anomaly over a vertical contact. 

Taking into account the fact that in some cases the heterogeneity of the medium may 
influence considerably in the IP responses measured at the earth surface, we used 2.5D 
finite element modeling of IP for heterogeneous medium [Fig.l]. After calculating the 
potential U of the electrical field, we used the Bleil formulae for the calculation of the IP 
effect : 

U ip = c j VU (1/R) dv 
V 


( 6 ) 
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Where: Ui P is the potential of induced polarization; 

R is the distance vector from the integration point to the receiving point; VU is 
the potential gradient of the primary electrical field, calculated by solving the finite 
element model. 

For 3D modeling of bodies with massive texture in homogeneous medium we used the 
Bleil formulae, transformed using Green’s formulae: 

U ip = c | (l/R) (dU/dn) ds (7) 

S 

Where: R is the distance vector from the integration point to the measurement point; 
dU/dn is the gradient of the primary electrical potential on the boundary S of the body, 
calculated as in the formulae [4] . 

The integral is numerically calculated using the concept of finite elements for the 
boundary of the body, and using the standard numerical integration methods for the finite 
elements, defining automatically the number of integration points on the basis of relative 
size of elements [Fig. 3]. 



Fig.3. The 3D modeling of IP anomalous effect. 

Being already a classical theory, finite elements continue to give way to new aspects of 
development and application of geophysics. Finite element modeling of complicated 
geological situations is necessary not only as a proof of the correctness of the 
interpretation of field data, but also it is very important for the development of new 
concept and techniques, as it is the “real section” [Langore L., 1989] and special 
methodologies for field surveys. A typical IP real section modeling is presented in the 
[Fig.4], 
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IP Real Section of two Lavers in different depths. 
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Fig.4. IP real section of two layers in different depths. 

4. Conclusions. 

Finite elements represent a good tool for the modelisation of complicated geo-electrical 
sections, characteristic of the Albanian geology. It permitted in a number of cases to 
evaluate correctly the influence of effects of rugged relief and of geology as layered 
mediums, contacts and faults to the anomalies of ore bodies or mineralized zones. 

Real geoelectrical sections, created using the methodology presented also in the paper, 
offer a sure way for the interpretation of field data. Moreover, real sections have shown 
the existence of many problems related with the interpretation of field data, and the 
necessity of special studies to solve these problems. 
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Abstract 

Modeling of geoelectrical sections is carried out by using finite elements in two cases: 

1. Ore bodies with massive texture having contrast of resistivity with surrounding rocks, 
where modeling is done in 2.5D; 

2. Ore bodies with disseminated texture having no contrast of resistivity with 
surrounding rocks, and modeling is done in 3D. 

There ate taken into account two parameters, the apparent resisitivity and induced 
polarization. The effect of the relief as well as of the global geological structure is taken 
into account as well. Case stories are presented to demonstrate different effects and the 
usability of modeling by finite elements. 

The results of modeling are presented according to new method of real geoelectrical 
section, proposed by Ass. Prof. Dr. Perparim Alikaj, and developed recently in 
QUANTEQ IP Inc, CANADA. 

The results are a synthesis of many years of working and are further developed least years 
in collaboration of the authors with QUANTEC IP Inc. CANADA, in a number of 
projects. 

Introduction 

Resolving of geophysical problems means a finite iteration of the couple 
interpretation ^modeling. Theoretical models exist for a number of ideal cases, rarely 
found in the nature. The problem becomes more complicated when the depth of 
investigation increases, together with the increase of secondary effects as of the relief and 
of the geology of sections. In this paper is treated the problem of modeling of 
geoelectrical real sections by using finite elements to solve elliptic equations in 
heterogeneous medium related with complex geological situations and rugged relief. This 
processus is used both for Resistivity and IP modeling. 

Principles of application of finite elements in modeling of geoelectrical 
sections. 
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The key for modeling of geoelectrical sections is the scattering of electrical field in a 
heterogeneous geological medium under a rugged relief. For this purpose we have used 
[Frasheri A. et al., 1984; 1990-94] the elliptic equation in its generalized form, which 
related weak problem is [Zienkiewicz O., 1977]: 

min j [(VWfDVU - WQ] dv = J w [n T DVU - U n ] ds (1) 


Where: U is the potential of electrical field; W,w are weight functions; D is the 
matrix of resistivity; nis the unitary normal vector to the boundary S n ; U n is the Newman 
boundary condition value. 

We solved this problem by using parametric finite elements with four nodes. Normally the 
geoelectrical section may be considered as a rectangle, the upper part of it deformed 
corresponding to the relief [fig. 1] 

The boundary conditions are of type Newman which present power electrodes positioned 
in two nodes of the upper edge of the rectangle. In the other part of the boundary we 
normally use Newman conditions zero. 

The solution of the problem (1) gives the scattering of the electrical potential in a discrete 
form. There data need to be interpreted in the right way to give information compatible 
with that collected during field surveys. We had considered two parameters, the Apparent 
Resistivity and the Induced Polarization. 



Fig.l. A finite element section of a geoelectrical section in rugged relief. 
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Modeling of Apparent Resistivity Anomalous Effects. 

The meaning of “apparent resistivity” is related with the formulae: 

Pa = AU/AU 0 (2) 

Where: U is the electrical potential of heterogeneous geoelectrical section; U 0 is the 
electrical potential of homogeneous half-space with resistivity 1 Ohm.m. 

During the field measurements the U 0 is evaluated by theoretical formulae of the electrical 
dipole: 


U 0 = c(1/R a - 1/R b ) (3) 

Where: U 0 is the potential of the electrical field for the homogeneous half-space; R a ,Rb 
are distances from the calculation point to the current electrodes A and B. 

To carry out mathematical modeling we used two solutions. 

First solution was to solve the weak problem two times, one for the heterogeneous case 
and the other for the homogeneous half-space, having so both discrete approximations of 
U and U 0 for the formulae [2] . The second solution was based on special treatment on the 
boundary conditions. The real geo-electrical section has to be considered similar to the 
lower half infinite space, but the ordinary finite element model implies a finite domain as 
shown in the Fig.l. As consequence the application of theoretical solution for the Uo 
gives deformed results having a non-negligible error. To avoid this error it is necessary to 
imply “the infinite” on the finite boundary. 

A “classical” solution to imply the infinite is to use “infinite elements”. A case of infinite 
elements we used for geo-electrical models is treated in [Frasheri N., 1983]. Another 
solution based on hybrid elements and Furrier transform is given in [Tong, Rossettos, 
1978]. A simple solution we used for geo-sections having no important heterogeneous 
horizontal layered structure. In this case it is possible to evaluate theoretically the normal 
gradient of the field in the boundary using the formulae: 

dU/dn = c (R a /Ra 3 - R B /R B 3 ) (4) 

Where; dU/dn is the gradient of potential of the electrical field; R a ,Rb are distance vectors 
of the receiving point to the current electrodes A and B. 

In this case we simply calculate the flux of electricity on the boundary nodes and add 
respective values in the right side of the simultaneous linear equations resulting from the 
problem [1]: 


[K].[U]=[F] 


(5) 
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Where: [K] is the master matrix of the system; 

[U] is the vector of discrete values of the potential U in nodes; 

[F] is the vector of flux concentrated in boundary nodes. 

A comparison of apparent resistivity values over a geo-section with a vertical contact for 
the theoretical, finite elements and “infinite” elements is given in Fig.2. 

Modeling of Induced Polarization Anomalous Effect. 

We used the finite element modeling of IP in two ways, related with physical 
characteristics of geo-sections. The IP phenomena is modeled mathematically as the 
potential of a double layered surface which represents the boundary between the 
mineralized homogeneous ore body and the surrounding rocks. In reality mineralized ore 
bodies have a certain texture, being not really homogeneous. The bodies with 
disseminated texture have the IP scattered in the volume, and bodies with massive texture 
have the IP concentrated on its boundary surface. The calculation of IP effect is based on 
the formulae of Bleil [Bleil D., 1953; Seigel H.O., 1959], as well as evaluation of 
Komarov [Komarov V.A., 1972] assuming that C(Uo+Uip)~CUo. 



Fig.2. Comparison of theoretical (1), finite elements (2) and 
“infinite” elements (3) solution for the apparent resistivity 
anomaly over a vertical contact. 

Taking into account the fact that in some cases the heterogeneity of the medium may 
influence considerably in the IP responses measured at the earth surface, we used 2.5D 
finite element modeling of IP for heterogeneous medium [Fig. 1] . After calculating the 
potential U of the electrical field, we used the Bleil formulae for the calculation of the IP 
effect, : 
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U ip = c j VU (1/R) dv (6) 

V 

Where: Ui P is the potential of induced polarization; 

R is the distance vector from the integration point to the receiving point; 

VU is the potential gradient of the primary electrical field, calculated by solving 
the finite element model. 

For 3D modeling of bodies with massive texture in homogeneous medium we used the 
Bleil formulae, transformed using Green’s formulae: 

U ip = c { ( 1/R) (dU/dn) ds (7) 

S 

Where: R is the distance vector from the integration point to the measurement point; 
dU/dn is the gradient of the primary electrical potential on the boundary S of the body, 
calculated as in the formulae [4]. 

The integral is numerically calculated using the concept of finite elements for the 
boundary of the body, and using the standard numerical integration methods for the finite 
elements, defining automatically the number of integration points on the basis of relative 
size of elements [Fig. 3]. 



Fig. 3. The 3D modeling of IP anomalous effect. 

Being already a classical theory, finite elements continue to give way to new aspects of 
development and application of geophysics. Finite element modeling of complicated 
geological situations is necessary not only as a proof of the correctness of the 
interpretation of field data, but also it is very important for the development of new 
concept and techniques, as it is the “real section” [Langore L., 1989] and special 
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methodologies for field surveys. A typical IP real section modeling is presented in the 
[Fig.4], 



4. Conclusions. 

Finite elements represent a good tool for the modelisation of complicated geo-electrical 
sections, characteristic of the Albanian geology. It permitted in a number of cases to 
evaluate correctly the influence of effects of rugged relief and of geology as layered 
mediums, contacts and faults to the anomalies of ore bodies or mineralized zones. 

Real geoelectrical sections, created using the methodology presented also in the paper, 
offer a sure way for the interpretation of field data. Moreover, real sections have shown 
the existence of many problems related with the interpretation of field data, and the 
necessity of special studies to solve these problems. 
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IP ANOMALOUS EFFECT CONDITIONED BY 
RUGGED RELIEF AND ORIENTATION OF THE 
POLARIZING CURRENT VECTOR 


ALFRED FRASHERI \ NEKI FRASHERI 2 

1 Polytechnic University of Tirana, ALBANIA 

2 Institute of Informatics and Applied Mathematics, ALBANIA 

The largest part of the territory of Albania is mountainous. The deposits of solid polarizable 
minerals as copper, chromites etc. are located in the ophiolitic belt situated in mountain regions 
characterized by rugged relief. Such geomorphologic conditions and the morphology of ore bodies 
itself condition the configuration and the amplitude of IP anomalies. 

The effect of these factors is studied using physical models, 2D and 3D mathematical finite 
element models, and the results are compared with the data from field surveys as well. In this paper 
there are analyzed some results of mathematical models for irregular shaped ore bodies under rugged 
relief. These results are presented in IP Real Sections. 

The 3D mathematical models are based on the assumption that the polarizing currents are 
distributed in a homogeneous half-space. To take into account the contrast of resistivity between 
prismatic bodies and the environment we modify the polarizability of the body to include the effect of 
virtual currents generated because of the contrast of resistivities. Finite elements are used to calculate 
the effect on the surface of IP generated on the surface of the body by polarizing currents. In the case 
of 2D models there is supposed that the polarizability is distributed within the volume of the body. 
Finite elements are used to calculate the density of the polarizing gradient within the body. The 
environment may be heterogeneous, as well as the effect of the relief is included both for polarizing 
and polarized currents. 

Modeling is carried to evaluate the effect of two factors deforming the IP anomalies: 

1. Rugged relief - the target bodies are located under mountain crests, valleys and slopes. 

2. Position of target bodies relative to current electrodes of gradient arrays.The rugged relief do 
influence in two ways. The relief creates variations in the distribution of the polarizing currents and its 
gradient on the surface of polarizable bodies, modifying the configuration of IP phenomena around the 
body. But at the same time the relief modifies the scattering of IP currents, influencing the values 
measured on the surface of the terrain. As result, the anomalies may have deformations both in 
amplitude and configuration. 

For a vertical targets situated under a valley the anomalies have increased compared with case 
of the flat relief. Under crests the amplitude may decrease and, depending on the depth of the body, its 
configuration may change even to a bi-modal one. The sides of anomalies may be deformed as well, 
but generally they remain symmetric. In cases of non- vertical targets under valleys the anomalies are 
asymmetric with lower amplitudes, as result of the decrease of polarization current gradient on the 
surface of the body. In cases of targets with small cross-section under crests the negative sides of the 
anomalies have higher amplitudes, as result of the position of the body relative to the surface. 

The orientation of the polarizing current vector do influence directly on the configuration of the 
IP phenomena around the body, and the typical case is when the target is situated near one of 
polarizing current electrodes. Even in a flat relief the anomalies may be strongly deformed. By putting 
the electrode near the body, the anomalies became asymmetric with lower amplitudes. The asymmetry 
increases until the electrode goes over the body, in which case the anomaly becomes bi-modal with a 
zero, value over the body having amplitude almost the half of the symmetrical case. The presence of 
rugged relief in such cases may cause even more strange deformations of the anomalies. The rugged 
relief itself may condition the position of the current electrode near the body. 

In the paper there are presented a number of typical cases from numerous models. 
Understanding these models and related phenomena would help to assure a good interpretation of the 
field data, obtaining correct localization of ore bodies and their spatial position. The results of 
modeling are confirmed by physical models and field examples from IP geoelectrical surveys in 
Albania, as well as from the field works of the Canadian Company QUANTEC IP. 
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Abstract 

Results of seismic and geoelectric tomography in two large dams of Hydroelectro Power 
Plants in Albania are presented in the paper. These Hydroelectro Power Plants have an 
installed power 5 MW up to 600 MW. Their dams have a crest length up to 500 meters and 
maximum height of 165 meters. The dams have been in situ investigated by geophysical 
methods during the period 1995-1998. The results of these investigations and the technical 
data on the stability of the constructive materials and rocks will be used to apply the modern 
dynamic methods for re-estimation of the stability of the hydrotechnical construction. 

1. Introduction 

Albania has numerous and biggest dams belonging to the hydroelectric power system. These 
dams are made of concrete and/or rockfill with central clay core. Bigger hydrotechnical work 
in Albania, the Fierza Hydroelectro Power Plant, has an installed power of 500 MW. The 
volume of water in its artificial lake is 2.7 billion m 3 (Hydropower Plant Executive Projects, 
1953-1988). This hydrotechnical work composed of several constructions. The rockfill with 
central clay core dam is the biggest assemblage therein. The dam has a crest length of 500 
meters and maximum height of 165 meters. In Albania have been constructed also about 600 
dams for the reservoirs of the irrigation system, constructed in a short period of about 30 
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years. The height of their clay dams varies among 10 and 40 meters, while the crest length of 
the dams goes up to 3 500 meters. 

The exploitation of hydro technical work over the last 15 to 40 year has influenced the 
modification of their physical- mechanical properties and constructive structure. Under 
present conditions, the re -estimation of the stability of the hydrotechnical construction was 
necessary. In this case, the acquisition of geophysical data on the stability of the constructive 
materials and rocks was very important in order to apply the modern dynamic methods of 
such re-estimation. These data were extracted from the in-situ geophysical investigation, 
which had to go through the following steps (Frasheri A. et al., 1998): 

1. Investigation of constructed material which the dam was build up: 

1.1. The studies of the structure of the construction material, 

1.2. The determination of its physical-mechanical properties. 

1.3. The evaluation of the variation of these properties in times. 

2. The estimation of slope stability and the study of landslides in the lakeside. 

3. The investigation of the grout curtain under the dam in riverbed. 

4. For the future is planned: the estimation of the remnant deformations of the dams, 
monitoring of the dams and the active landslides, the study of lake fillings with alluvium 
sediments. 

Large number of case histories analyzed from various objects is analyzed in the paper. 

1. Methods 

A complex of geophysical methods was applied for in-situ investigation of the dams (Frasheri 
A. et al., 1998, Robert C. Benson et al. 1983). Seismic tomography of concrete along the 
galleries of the dam, and between the galleries and dam top surfaces was carried out. The 
tomography was combined with refraction seismic profiling of high frequencies on the top 
surfaces of the dam, and in galleries of the concrete dams as well. The quality of the grout 
curtain under the dam in the riverbed was investigated in situ on the gallery floor. Geophones 
lines with lengths from 0.5-43 meters, according to the object’s size and the required depth 
investigation were used for the seismic observation. Creation of the seismic waves was 
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performed by mechanical source. A seismic 12-channel station ECHO-2 of Canadian Firm 
SCINTREX was used to make the recording. Records were made by the company’ s software 
package. According to the surveys' data the velocity of P-waves (Vp) and S- waves (Vs) were 
calculated, as well as the layer thickness. According to all the seismic data, the 
physical-mechanical properties were calculated for the soil, rocks and concrete of the dams 
such as Poisson coefficient, elasticity dynamic modulus of, Bulk modulus, rigidity modulus 
and module of compression volume strength. 

Geoelectrical tomography to investigate the clay core of the dam’s raw materials was carried 
out. Resistivity Realsection of the Geoelectric tomography were performed by multiple 
spacing gradient arrays, with maximal spacing up to AB = 360 m, which provided a survey 
depth of 50 to 70 m. Profiling was performed in four depth investigations, according to the 
required depth investigation for each object. 

Alongside in the downstream area of raw materials, self-potential surveys were also carried 
out, in order to study the water filtering process through it. 

3. Discussion of the results 

The seismic and geoelectric tomography results presented in this paper was carried out for 
dams investigation of Ulza and Vau Dejes Hydroelectro Power Plants (Frasheri A. et al. 
1998). Ulza Hydroelectro Power Plant, constructed in 1957, has an installed power 25.6 MW 
(Executive Project, 1953). The Ulza concrete dam has a crest length of 340 meters and 
maximum height of 131 meters (Photo 2). Vau Dejes Hydroelectro Power Plants, constructed 
in 1971, has an installed power 250 MW (Executive Project, 1967). Two sections compose 
Qyrsaqi dam in Vau Dejes: Concrete section (1) and gravelfill with central clay core section 
(2) (Photo 1). The dam has a crest length of 480 meters and maximum height of 79 meters. 
Geoelectric tomography was performed only in the raw materials section of this dam. 

In-situ geophysical investigations were carried out in order to resolve a wide specter of duties 
in several objects. 
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Evaluation of the concrete physical-mechanical properties 

Tomography data at 30 m and 53.5 m in the concrete section of the Qyrsaqi dam showed 
that, generally, the concrete has a characteristic wave velocities of greater than V p=4000 
m/sec and V s= 1 900 m/sec (Fig. 1). But, at the left dam edge, an area where the Vp decreases 
to less than 4000 m/sec exists. The fact that, together with the P-waves velocities, the 
S-waves velocity decreases, shows that in this sector, the concrete has weaker physical and 
mechanical properties. 

It is not enough to use only the seismic tomography among different galleries, because this 
leads to deficiencies in results and incorrectness in details. These results were compared with 
the supplementary seismic profiling on the concrete structure, especially in superficial spots. 
The concrete bottom of inspection galleries in Qyrsaqi dam also has good 
physical-mechanical properties. But in some sectors of the galleries, a superficial layer of 
some centimeters to 1 meter is attached, which mechanically is weak (Fig.2, 3, 4). The 
mechanically weak concrete layer shows that the concrete will deteriorate under the water’s 
effect, or the cementing in these sectors was made by poor quality concrete. The surveys and 
tests we are going to develop further on will resolve this alternative. 

In the Ulza Dam (Fig. 5, 6), results from the seismic tomography survey indicates that the 
concrete in general is also characterized by high velocities of the seismic waves propagation 
Vp= 4300-5035 m/sec and Vs= 2412-2429 m/sec. The elasticity dynamic modulus is 
(3.27-3.60)xl0 kG/cm '. According to the tomography data, it is noticed that at the upper 
levels of dam , the longitudinal wave velocities Vp are, on average, higher than the lower 
levels . At the same time, at both levels, the transversal wave velocities are equal. In addition 
to that, the average square deviation of transversal wave velocity is almost twice less than the 
longitudinal wave deviation. These facts are an argument that the decrease in velocity and 
high fluctuations in velocities impacts on water penetration into the concrete pores. The 
velocities (Vp) in the lowest levels are lower than in the upper levels, as a result of being 
under constant high water pressure. The concrete of lower levels also contains more water. 
The mechanical properties of this concrete are also weaker than the upper levels. Considering 
the concrete mark 250 for lower levels (Dzievanski J. et al., 1981), based on the calculated 
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physical-mechanical properties, the upper levels have concrete of higher value than 250, 
because the elasticity dynamic modulus is 3.96 x 10 kG/cm . In the tomogram it is possible 
to define a sector which characterized with physical-mechanical properties lower than the 
surrounding environment. Within this sector, the main water filtering of the gallery of lower 
level is observed. 

Even at the dam of Ulza the inner walls of the inspection gallery, as well as in dam surface, 
have a low elasticity dynamic module, up to 74.000 kG/cm (Fig. 7). At this sector, several 
filtration of Lake Water are evidenced in the inner of dam. This state of concrete at the Ulza 
dam shows once more the impact of “ageing” phenomena on concrete 

Evaluation of the soil and rocks physical-mechanical properties 

The clay material has a lower resistivity at the center and western edge of Qyrsaqi dam than 
the eastern edge (Fig. 8, 9). The seismic wave velocity is lower in this sector, too. The water 
filtering into the clay’ s core explains this. 

The average electric resistivity of the dam’s core is about 100 Ohmm. However, in 5 sectors 
of the dam’s core, this resistivity decreases up to 25 Ohmm in spots. As it is shown at the 
Resistivity Realsection, these anomalous spots are located at 3 m depth to 45 m from the level 
of dam’s top surface (Fig. 4). It is evident that three of these anomalies coincide horizontally. 
The anomaly, which happens under the station ST. 20, initiates from 22 m depth and 
continues to 45 m, has a vertical extent, and dips toward the west. 

The seismic tomography section shows that, beneath the superficial layer at the top of the 
dam, which has a thickness of 2-10 m and low velocities of seismic waves, (respectively 
Vp=1080 m/sec and Vs=550 m/sec), there is a second clay layer (Fig. 8). This layer of clay 
has a thickness of 4 - 21 m, increasing in thickness towards the west, where the ground dam 
meets the concrete part of the dam. The velocities of seismic waves are lower in western dam 
sector. The clay’s core, under the second layer, is characterized by higher seismic waves 
velocities (up to Vp=2200 m/sec and Vs=800 m/sec). The elasticity dynamic module, 
calculated according to Vs data, varies from (0.04-0.88)* 10 kG/cm for the second clay 
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core. Based on the geophysical investigation results, shown above, the areas with a lower 
electric resistivity and lower velocities of seismic waves than the other part of the dam’s core, 
are interpreted to be due to water filtering through the clay core. This interpretation does not 
exclude the possibility of heterogeneity of the clay’s material during dam’s construction .The 
increase of velocities of the seismic waves toward depth shows than the clay’s core is 
compacted. The configuration of seismic waves velocity contours in the section shows normal 
bedding of core’s material, with western dip. The study of these dangerous phenomena brings 
the necessity of monitoring the dam through geophysical methods, along with all other 
installed equipment from the Geologic -Technical Service of Hydropower Plant. Some 
periodic investigation over many years are necessary in order to observed the changes in time 
of electric resistivity and the seismic waves velocities. 

4. Conclusions 

1. Concrete used to build hydroelectric power plant dams in Albania has different 
physical-mechanical properties, thus diverse technical state from each other. The higher 
quality of concrete is found in Qyrsaqi dam of the Vau Dejes Hydroelectric Power Plant. 
The lowest quality concrete is observed in Ulza dam. 

2. At the dams of Qyrsaqi and Ulza Hydroelectric Power Plants, the existence of superficial 
concrete layers, up to 1 meter thick, are observed. These have very poor 
physical-mechanical properties. 

3. In the central and western part of the clay core at Qyrsaqi dam, there are observed some 
sectors with low values of electric resistivity and velocities of seismic waves, more than at 
the side parts of the dam. The increases in physical properties are interpreted to result 
from water infdtration to the clay’s core 
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SEISMIC TOMOGRAPHY RESULTS 
WESTERN EDGE OF THE CONCRETE PART OF VAU OEJES DAM 
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QUALITY OF CONCRETE IN GALERIES ACCORIDNG TO SEISMIC INVESTIGATION 
2 METERS UNDER GALERY FLOOR, CONCRETE SECTION OF QYRSAQ DAM, 
HYDROELECTRICAL POWER PLANT OF VAU DEJES 

June, 1996 
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QUALITY OF CONCRETE IN GALER1ES ACCORIDNG TO SEISMIC INVESTIGATION 
0.5 METERS UNDER GALERY FLOOR, CONCRETE SECTION OF QYRSAQ DAM, 
HYDROELECTRICAL POWER PLANT OF VAU DEJES 
June, 1996 
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SEISMIC SECTION 

HYDROELECTRIC POWER PLANT OF VAU DEJES 
CONCRETE SECTION OF QYRSAQ DAM 
December 1997 
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SEISMIC TOMOGRAPHY RESULTS 
ULZA CONCRETE OAM 

Tirane. 1996 
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ELEKTR1CAL RESISTIVITY REAL SECTION AND SEISMIC SECTIONS 
OF HEAD REFRACTION WAVE VELOCITIES Vp dhe Vft 
VAU DEJES HYDROPOWER PLANT 
RAW MATERIAL DAM 

Tirana, 1633 
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GEOELECTRICAL SECTION 
VAU DEJES HYDROPOWER PLANT 
GRAWELFILL QYRAQ DAM 
June, 1996 
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THE EXPLOITATION OF WATERS OF GEOTHERMAL WELLS AND SPRINGS IN 
ALBANIA REPRESENT GREAT IMPORTANCE AND FRUITFUL INVESTMENT 
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GENERAL DATA ABOUT THERMAL AREA 
IN CENTRAL ALBANIA AND SIGNIFICANCE 
OF THE PROPOSED INVESTMENT 

Two thermal wells and Ishmi-l/b, Kozani-8 and 
thermal springs of Llixha-Elbasani SPA in central 
region of Albania and of Kruja geothermal area have 
a self-discharge of hot and mineralized water (Fig. 1) 
(Frasheri A. et al. 1995, 1995, 1996). 

Kruja geothermal area start on the Adriatic coast, 
Northern of Durresi city, in Ishmi region, continues 
in Tirana, in Elbasani up to South-Eastern Albanian- 
Greek border and extends to the Konica district in 
Greece. 

Heat Flow Density in Albanian territory has its 
highest value of 42 mWm' 2 in the center of the Peri- 
Adriatic Depression, in western part of country. 
Thirty mW.m 2 contours stay open towards the 
Adriatic Sea shelf, where the epicenter of the 
anomaly is situate with a Heat Flow Density up to 
100 mWm 2 , discovered by Italian geothermists 
(Geothermal Atlas of Europe). In the salt diapir of 
Dumrea, near of Elbasani in western direction, Heat 
Flow Density value is 37 mWm' 2 . The contours of 
Heat Flow Density with maximal values up to 60 
mWm 2 give a clear configuration of ophiolitic belt in 
eastern regions of Albania. 

In the Ishmi area, the Ishmi-l/b well is the 
northernmost well of the Kruja geothermal area. It is 
located in the upper part of the fissured and karstified 
limestone structure. It is 20 kilometers NW of Tirana 
(near of Rinasi-Tirana Airport), in the flat area. It 
enters limestone section at 1300 meters and continues 
through carbonatic strata of more than 1000 meters in 
thickness. Ishmi carbonatic section is characterized 
by relatively low apparent electrical resistivity, 
varying between 50-200 Ohm.m. Such low resistivity 
zone can be explained as a result of alternating high 
permeability collectors filled with mineralized water 
with low permeability limestone layers. These former 


are of 5-10 meters in thickness, having an effective 
porosity of (5.8-7)T0' 3 , with a permeability of 0.05- 
3.5 mDarcy. Limestone shown hydraulic conductivity 
of 8.6- x 10‘ 10 - 8.8-x 10' 8 m/sec and the transmisivity 
of 8.6 x 10' 7 to 8.5 x 10' 5 mlsec' 1 (Frasheri et al., 
1996, Doracaj M. 1986). There are a primitive small 
SPA. 

Kozani-8 well is located 35 kilometers southeast of 
Tirana, on hills only 2 km from the Tirana-Elbasani 
national road. It enters limestone strata at 1819 
meters of depth and penetrates 10 meters deeper. 
Thermal water of this well discharged unused in the 
river during a ten years period. 

In the Kruja geothermal area there are thermal 
springs of Llixha Elbasani SPA. It is located about 
12 kilometers south of Elbasani. There are seven 
groups of springs that extend in a belt of the 320° 
azimuth. All of them are connected to a main 
regional thrust tectonics of the Kruja zone. Thermal 
waters flow out through the contact of conglomerate 
layer with calcolistolith. In this area too, the reservoir 
is represented by the Llixha limestone structure 
(Frasheri et al., 1996, £ela , 1991). 

Surface water temperatures in the Tirana-Elbasani 
zone vary from 60°C to 65.5°C. At the depth on the 
top of the aquifer in the Kozani-8 hole the 
temperature of water is 80°C. According to the 
temperature log in Ishmi-l/b measured prior to water 
outflow started, temperatures of the carbonatic 
section were 42.2°C. The difference between the 
temperatures of thermal water and limestone section 
shows that a mixture of waters has occurred: water of 
the reservoir mixed with thermal water which comes 
from the greater depth. 

Aquifer temperature for Elbasani Llixha springs 
varies form 143° to 254° and 235°C, respectively 
according the calculations carried by Na+K+Ca, 
Fournier and Truesdell formulas. 
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Elbasani Llixha springs, and since the end of the 
drilling operation of Ishmi-l/b and Kozani-8 wells (in 
1964, and/or 1988 respectively.) Hot water has 
continued to fountain and have constant yields for 
THESE long periods of time, from 3.5 to 15 1/sec for 
50 years and/or 10 years, respectively. 


property. Land with surface of 20 000 m 2 , hotel and 
restaurant are owned by PARK NOSI Sh.p.k. 
Particularly reconstructed hotel after the privatization 
actually is in work. Near this property there is located 
a public hotel, with 180 beds, almost in destruction 
state, but which may be reconstruct. 


Water temperature is stable. Hot water is mineralized, 
with a general mineralization of 4.6-19.3 g/1. 
Elbasani Llixha water has the following formula 
(Avgustinsky et al., 1957): 


^ 2 ^ 0.403 ^ 7.1 


Cl„ 

N<2 46 xCa 35 


In Tirana-Elbasani area, thermal waters are of chlor- 
magnesium type. They contain cations Ca ++ , Mg ++ , 
Na + and K + , as well as anions Cl', S04 , HC0 3 ' etc. 
with pH=6.7-8 and density 1.001 to 1.006 g/cm 3 . 

For the Tirana-Elbasani subzone heat in place is 5.87 
xTO 9 - 5.08-x 10 10 GJ, identified resources are 5.87-x 
10 8 -5.08-x 10 9 GJ, while specific reserves gave values 
of 38.5-39.6 GJ/m 2 . 


About 330 Albanian patients in year treated (during 
two weeks period) for rheumatism and various 
illnesses in two hotels of the Elbasani Llixha SPA 

Actually, there is not a law for thermal waters in 
Albania. The PARK NOSI Sh.p.k. Llixha Elbasani 
and SPA is used thermal water as ex-owner of SPA 
before the Second World War. SPA in Ishmi well 
area has privates in 1993. 

All seven groups of the springs in Llixha Elbasani 
and Kozani-8 well geothermal area will have the 
possibilities for modern complex exploitation and 
cascade use of thermal water. The beautiful 
landscape of Elbasani area will be not only for 
medical treatment but also as tourist place. This area 
located near of the very know Ohrid Lake pearl or 
mountains Gjinari, with their fantastic forests and 
nice climate. 


Elbasani Llixha SPA is located about 10 km south 
of Elbasani City and 61 km in southeast of Tirana, in 
the Central part of Albania. By national road 
communication, Llixha area is connected with 
Elbasani and Tirana. Only 10 km will be from the 
highway Durresi- Skopje- Sofia- Istanbul, which is 
projected for construction in the future and 
nominated as No. 8 European Corridor. The 
proximity with highways creates great possibilities 
for Elbasani Llixha SPA to be a nice place. This area 
may be frequented by a large number of people from 
different Balkan countries, Italy, UK, Germany, 
Ostrich, France, Low Countries, and by Albanians 
from Albania, Macedonia and Kosovo as well. These 
thermal springs from about 2000 years are known 
years ago. According to historic data, in Elbasani 
Llixha thermal springs there has been an inn, near of 
the old road “Via Egnatia" that has passed from 
Durresi to Constantinople. 

There are seven spring groups that extends like a belt 
with 320° azimuth. Surface water temperature is 
about 60°C and yield in total 15 1/sec. Springs have 
constant hot water yield and temperature for a long 
period of time. These data are evidence of a stable 
thermo-hydrodinamic reservoir regime. 


In conclusion, reservoir is a heterogeneous collector 
and its thermo-hydrodynamic regime is stable in 
Kruja geothermal area. In this geothermal zone could 
find other springs with greater geothermal resources, 
higher yield and water temperature. For that, it is 
necessary that hydrogeological and geophysical 
investigations must carry out and new wells must 
drilled, in order to capture the water deeper where the 
temperature is higher. 

OBJECTIVES OF THE PROJECT PROPOSAL 

Integrated exploitation and cascade direct use of the 
geothermal energy has projected. 

The objectives of the project: 

2.1. The detailed feasibility study of the geothermal 
and mineral water resources in Kozani-8 and Ishmi- 
l/b wells, and in Elbasani Llixha SPA. General 
project idea and particularly, technical designs will 
be compiled for new investment 

2.2. Modern unit of equipment for the thermal water 
in the wells, and in Llixha Elbasani springs will be 
installed. 


Before the Second World War, in one from the 
springs (“Nosi spring”) has been constructed “ 
PARK-NOSI” SPA (***), with 166 beds, for medical 
treatment of various diseases, generally rheumatic. 
The “NOSI” SPA functioned during a period of time 
more than 60 years and for the present is private 


2.3. Clinic SPA in the Saint Joan Monastery, heating 
of the existing buildings of the Monastery and 
greenhouse for the flower projected to construct, for 
the integrated and cascade use of thermal water of 
Kozani-8 well, located 1.3 km from the Monastery. 
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Reconstruction of the PARK Hotel or Ishmi SPA 
heating system and thermal baths will help to create 
normal condition for all the year SPA frequenting. 

2.4. Green house will be constructed for flowers, for 
sale in Albania and for export. The green house will 
be used particularly for legumes, to provide the 
restaurant of the SPA. 

2.5. Construction of new modern hotel of (****), 
with thermal water and mud baths, thermal 
swimming pool, clinic, halls for the massage and 
physical rehabilitation, restaurant and bar. In the 
beginning, this hotel may be design for 30-40 beds. 
In the perspective, in the hotel will be built new 
floors, for a total of 80-100 beds. This hotel will 
serve for foreign and rich Albanian patients. 

2.6. An aquaculture installation has projected. 

2.7. Unit equipment for thermal water treatment will 
be constructed, before their outflow. Construction of 
unit equipment for chemical microelements, different 
natural salts extraction. These salts are very valuable 
to prepare the pomades for skin diseases medical 
treatment and beauty creams. The unit will be used 
also for C0 2 and H 2 S free gas extraction. H 2 S gas is 
very valuable for the special treatment of the 
respiratory apparatus. This process will protect the 
area echo-system. 

2.7. A promotion and tourist agency will be 
organized. This agency will prepare the reclaims and 
booking of the rooms for Albanian and foreign 
patients. 

WORK PROGRAMME 

This project will be implemented during the 3 years 
period, by the integration of the following four 
Phases: 

First Phase 

1 . Geothermal and mineral water resources detailed 
feasibility study will be carried out for Kozani, 
Ishmi and Elbasani Llixha area. Project idea will 
be compiled, too. 

2. Technical projects will be compiled for 
investments in Kozani- 8, Ishmi wells or in 
PARK NOSI SPA. 

6 months 

Second Phase 

1. Construction of thermal water unit equipment in 
Kozani- 8 well, in Llixha Elbasani springs or 
Ishmi well. 

2. Heating system, the thermal water unit 
equipment and baths will be reconstructed in 


PARK Hotel of Ishmi SPA. After second phase, 
all year SPA frequenting will realize. During the 
winter there are more demands for the medical 
treatment. 

Good conditions in the SPA will help to have patient 
numbers increasing. Two green house, up to 3000 m 2 
surface, will be constructed in the territory of Kozani- 
8, and in Ishmi 1/b wells or in PARK NOSI Sh.p.k. 

6 months 

Third Phase 

Clinic SPA in the Saint Joan Vladimir Monastery and 
new hotel construction of (****) in Kozani, Ishmi or 
Llixha Elbasani area. For the first time, the SPA 
Clinic and the hotel will have two or three floors, 
with the possibilities to build and 2 or three other 
floors in the future. In the ground floor will be 
located the restaurant, bar, medical clinic and thermal 
baths. Bedrooms will be located in the first and 
second floors. Thermal swimming pool will construct 
in the ground floor or in the yard. 

24 months 

Fourth Phase 

1. Unit equipment for the extraction of chemical 
microelements and salts, C0 2 and H 2 S gas will 
be designed and installed. 

2. Unit equipment and collector for treatment and 
clearing the thermal water before their outflow 
will be designed and installed, to protect echo- 
system of the area. 

3. Promotion and tourist agency will be organized. 
Put in full efficiency of all complex of the SPA 
will be completed. 

10 months 

PRELIMINARY COST FOR THE 
INVESTMENT FOR PHASES I-III 

Cost estimation is carried out only for the three first 
phases, to realize investment step by step: 
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No 

Object 

Cost, in USD 

1 

Reconstruction of heating and thermal baths 

50 000 

2 

Construction of two thermal water unit equipment’ s 

80 000 

3 

Construction of green houses, 2 * surface 3 000 m 2 

240 000 

4 

Construction of SPA Clinic in Saint Joan Vladimir Monastery and for new hotel 
(building), (****) 

5 000 000 

5 

Feasibility study and project idea 

53 000 

6 

Technical projects 

100 000 

7 

Travel and subsistence 

20 000 

8 

External Assistance 

20 000 

9 

Other Expenditures 

20 000 

10 

Overhead rate 

15 000 



TOTAF exc. VAT 

5 968 000 


Well come to investment in geothermal areas in 
Albania for the integrated and cascade direct use of 
geothermal energy. 
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Buletini i Shkencave Gjeologjike, 9, 2000 

Sherbimi Gjeologjik i Shqiperise. 


SINJALET E TEMPERATURES NGA THELLESIA E ALBANIDEVE 

Alfred FRASHERI 
Fakulteti i Gjeologjise dhe i Minirave 

Hyrje 

Vitet 90 ka qene periudha e studimeve gjeotermale ne Shqiperi, ne kuadrin e te 
Atlasit Gjetermal te Shqiperise, te Atlasit Gjeotermal te Evropes, dhe te Atlasit Evropian 
te Burimeve te Energjise Gjeotermale. Krahas matejve termike te reja jane pergjithesuar 
edhe rezultatet e matjeve termike ne puset e naftes e te gazit, te kryera nga viti 1952 deri 
me sot (1, 2, 3, 4). 

Ne kete artikull po paraqesim rezultatet e modelimit mathematikor gjeotermik ne 
profilet Albanid-1 (Falco-Durres-Tirane-Peshopi) dhe Albanid-2 (Falco-Seman-Bilisht), 
te cilet kane dhene tablone e shperndarjes se temperatures deri ne thellesite rreth 50 km. 
Keto modelime sherbyen edhe per plotesimin e interpretimit te hartes se Dendesise se 
Fluksit te Nxehtesise te Shqiperise. 

Parashtrimi i problemit 

Modelimi gjeotermik u realizua mbi bazen e rezultateve te vrojtimeve gjeotermike 
te kryera ne Shqiperi, me anen e metodes se elementeve te fundme. Per kete u 
shfrytezuan hartat e temperaturave ne thellesite 100 m, 500 m, 1000 m, 2000 m dhe 3000 
m, harta e gradientit mesatar, harta e dendesise se fluksit te nxehtesise (Fig.l), Harta 
Gjeologjike e Shqiperise ne shkalle 1:200.000, si edhe rezultatet e percaktimeve te vetive 
termike te shkembinjve, Modelet gjeotermike u ndertuan mbi bazen e profileve gjeologo- 
gjeofizike krahinore Albanid-1 dhe Albanid-2 (3). Rezultatet e modelimit jane paraqitur 
ne fig. 4, 5, 6. 


Analize dhe diskutim 

Analiza e shperndarjes se temperaturave deri ne thellesine 50 km ne profilet 
Albanid-1 dhe Albanid-2 tregon se gradienti gjeotermik ndryshon si pergjate profileve 
ashtu edhe ne thellesi. Ne Ultesiren Pranadriatike gradienti gjeotermik mbetet i 
pandryshuar deri ne thellesine rreth 20 000 m, afersisht deri ne tavanin e bazamentit 
kristalin. Viera e ketij gradienti luhatet nga 15-21.3 mK/m. Me thelle ai zvogelohet. 
Tablo e njejte e gradientit gjeotermik eshte edhe deri ne kufirin lindor te zones tektonike 
Mirdita. Por ne kete zone gradienti arrin vleren 36 mK/m, qe eshte gati dy here me e 
madhe sesa ne Ultesiren Panasriatike. Ai mbetet konstant deri ne thellesine rreth 12 000 
m; me thelle zvogelohet. Kjo thellesi perkon me tavanin e kriprave triasike (fig. 3). Ne te 
dy profilet verehet tablo e njejte e temperaturave me te medha ne zonen Mirdita, sesa ne 
Albanidet e Jashtme, per te njejten thellesi. 
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Duke analizuar harten e dendesise se fluksit te nxehtesise (fig. 1), spikatin dy 
karaktere te tablose se ketij fluksi ne Albanidet: 

Se pari, ne Albanidet e Jashtme dendesia maksimale e fluksit te nxehtesise arrin 
deri 42 mW/m 2 , ndersa ne pjesen lindore te Albanideve te Brendeshme arrin deri 60 
mW/m 2 . Izolinjat e dendesise se fluksit te nxehtesise shkojne ne pajtim me kufirin e 
brezit ofiolitik. 

Duke qene se brezi ofiolitik eshte ndertuar nga shkembinj me permbajtje te 
paperfillshme te elementeve radioaktive, eshte shume e vogel sasia e nxehtesise te 
gjeneruar nga masivet ofiolitike. Kjo tregon se fluksi i nxehtesise me i madh ne zonen 
Mirdita i detyrohet nxehtesise qe vjen nga thellesite. Sig duket ne profilin Albanid-1, 
blloqet e fundamentit kristalin jane vendosur me ceket ne zonen Mirdita. Nga granitet e 
ketij fundamenti, sig dihet, gjenerohet shume nxehtesi nga zberthimi i elemnteve 
radioaktive, qe ata permbajne. Ne kete drejtim zvogelohet edhe trashesia e kores se Tokes 
dhe kufiri MOHO eshte me i ceket. Prof. Dr. Teki Bigoku mendon se edhe permbajtja e 
kaliumit 40 ne evaporitet e thellesise mund te jete nje nga burimet e gjenerimit te 
nxehtesise ne kete zone, me te cilin pajtohet edhe autori i artikullit. Dhe nese qendron ky 
supozim, atehere rrjedh se nen zonen Mirdita, depozitimet lkripore duhet te kene trashvsi 
te madhe. 

Se dyti, ne zonen e Runes ne masivin ultrabazik te Kukesit dhe ne Rehove te 
Korges, fluksi i nxehtesise arrin vlerat maksimale. Keto vatra mund te jene shkaktuar nga 
transmetimi me intensiv i nxehtesise neper thyerjet e thella, qofte edhe ato terthore. Me 
keto thyerje lidhen edhe burimet e energjise gjeotermale ne Albanidet. Sipas 
gjeotermometrave kemi llogaritur se ujrat termale kane temperature 220-270 °C ne 
rezervuarin paresor ku jane formuar. Keto temperatura gjenden ne thellesite 12-15 km. 

Perfundime 

1. Shperndarja e fluksit te nxehtesise ne Albanidet deshmon per karakter bllokor te 
fundamentit kristalin. Thellesia e vendosjes se ketyre blloqeve eshte me e vogel ne 
zonen Mirdita sesa ne Albanidet e Jashtme. 

2. Anomalite lokale te fluksit te nxehtesise ne masivin ultrabazik te Kukesit dhe ne 
Rehoven e Korges deshmojne per ekzistencen e thyrjeve te thella terthore, neper te 
cilat eshte relativisht me i medh fluksi i nxehtesise. 

3. Me fluksin e nxehtesise me te madh ne thyerjet e thella lidhen edhe burimet termale. 
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Fig. 2. Profili gjeologo-gjeofizik Albanid-1, Falco-Durres-Tirane-Peshkopi 
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Fig. 6. Rezultatet e modelimit gjeotermal ne profilin Albanid-2 

Abstract 

In the paper are presented the result of the geothermal modeling in Albanid-1 and 
Albanid-2 lines. These modeling are part of geothermal studies in Albania during the 90 
years, in the framework of Geothermal Atlas of the Albania, European Geothermal Atlas 
and European Geothermal Resources Energy Atlas (1, 2, 3, and 4). 

Geothermal gradient changes from western to the eastern part of the Albania, and in the 
depth, too. The gradient values vary from 15-21.3 mK/m in Pre-Adriatic Depression. 
According to the modeling results, deeper than 20 km are observed decreasing of the 
gradient. This change of the gradient is coincided with the top of the crystal basement. In 
the ophiolitic belt of the Inner Albanides, the geothermal gradient has a value up to 36 
mK/m at northeaster and southeastern part of the Albania. Decreasing of the gradient are 
observed deeper than 12 000 meters in this side of Albania, at the top of the Triassic salts 
deposits (fig. 3). In the both lines are observed that the temperatures in ophiolitic belt are 
higher than in the sedimentary basin, at the same depth. 

In the Heat Flow Density Map of Albania (fig. 1), is possible to observed two 
particularities of the scattering of the thermal field of the Albanides: 

Firstly, 42 mW/m 2 is maximal value of the heat flow in the External Albanides. At 
the eastern part of Albania, the heat flow density values are up to 60 mW/m 2 . Radiogene 
heat generation of the ophiolites is very low. In these conditions, increasing of the heat 
flow in the ophiolitic belt, are linked with heat flow from the depth. According to the 
Alb-1 line, the granites of the crystal basement, which have the possibilities for the great 
radiogenic heat generation represents the heat source. In ophiolitic belt, is observed 
decreasing of the MOHO discoinity depth. 

Secondly, in the ophiolitic belt are observed some hearth of higher heat flow 
density. Heat flow anomalies are conditioned by intensive heat transmitting through deep 
and transversal fractures. These fractures are conditioned location of the geothermal 
energy sources. According to the calculation of different geothermometers, the aquifer 
estimated temperatures are 144 to 270°C. Based on the geothermal modeling, one can 
suppose that thermal waters rises from 8-12 km deep, where temperature attains to 
220°C. 
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Fig. 1. Harta e Dendesise se Fluksit te Nxehtesise se Shqiperise 


4 



Aa B q 

(mgal) (mWm) 



FIG. 2. Geological-geophysical transect ALB-1 through north-central Albania. For location see Fig. 1. 

N-Neogene, Pg-Paleogene, Cr-Cretaceous, J-Jurassic, MZ-Mesozoic. 

1) ultrabasic rocks, 2) salt, 3) faults, 4) crustal fractures, 5) upper crust, 6) lower crust, 7) upper mantle, 8) deep wells, 
9) density g/cm . 


Fig. 2. Profili gjeologo-gjeofizik Albanid-1, Falco-Durres-Tirane-Peshkopi 
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Fig. 3. Profili gjeologo-gjeofizik Tirane-Bulqize 
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PROFILI I DENDESISE SE FLUKSIT TE NXEHTESISE ALB 1 
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MODELI I SHPERNDARJES SE TEMPERATURES 
PROFILI ALB l 



Fig. 4. Rezultatet e modelimit gjeotermal ne profilin Albanid-1 
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PROFILI I DENDESISE SE FLUKSIT TE NXEHTESISE ALB 2 
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Fig. 6. Rezultatet e modelimit gjeotermal ne profilin Albanid-2 
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THE SOURCES OF GEOTHERMAL ENERGY IN ALBANIA 
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ABSTRACT 

The results of geothermal investigations in Albania are 
treated in this article. The aim of this paper is to present 
the possibilities for the extension of energy resources in 
Albania through the use of geothermal energy. 
Geothermal investigations in the past three years have 
shown that possibilities for the exploitation of the 
geothermal energy exist in Albania. The ways of 
exploitation of this kind of energy are also given. 

1. INTRODUCTION 

Albania is a mountainous Mediterranean country with 
numerous natural energy resources. There are many rivers 
flowing from the mountains where seven hydro-power plants 
have been built, with an installed power of 1427.1 MW 
(Frasheri N., 1994) There are about 20 oil and gas reservoirs 
under exploitation in Albania, producing about 1.2 Mt oil 
(Albanian Encyclopedic Dictionary, 1985); but within the last 
years, the production has decreased, and in 1999 only about 
340 Kt of oil were extracted. There are tens of coal mines in 
Albania, with an output of over 2 Mt coal in 1984 and 214.6 
Kt of coal in 1993. 

The Albanian energy system is mainly based on electricity 
produced by hydropower plants. The climate of Albania is a 
typical Mediterranean one, with a hot and dry summer. This 
climate can periodically prevent the hydroelectrical system 
from producing power at capacity (based on the water 
resources of Albania). 

In the present conditions of a new Albanian market economy, 
together with the transformations in the management of 
existing energy system, the study of other energy sources has 
begun. There are great possibilities to use other sources of 
energy, such as solar (about 129.3 Kcal-cm'^-year' 1 ). In the 
coastal areas the average wind speed is about 2. 8-3. 8 m-sec' 1 
(Climate of Albania, 1978). There are many regions where 
the wind speed is several times greater than that in the above- 
mentioned regions. This is another important source of 
energy. 

In Albania, there are also many thermal water springs and 
wells of low enthalpy with a temperature of up to 65.5°C, 
which indicates that it is possible to make use of the 
geothermal energy. 


2. GEOLOGICAL FEATURES 


The Albanides form an integral part of the southern branch of 
the Mediterranean Alpine orogen. They are subdivided into 
two zones: the Internal and the External Albanides. The 
Intemides are formed by the Mirdita ophiolite nappe, which is 
separate from the oceanic Subpelagonian Trough (Geological 
Map of Albania, scale 1:200,000, 1984) Geological and 
geophysical studies carried out in the External Albanides and 
in the Adriatic Sea display distinct structural belts, which are 
related to different tectono-stratigraphic units. From East to 
West the External Albanides consist of the Krasta-Cukali 
isopic zone, the Kruja zone, the Ionian zone and the Sazani 
zone. The Albanian Alps zone is located in northern Albania. 

A 1500m thick sequence of Cretaceous to Paleogene neritic 
carbonates and 5km of Oligocene flysch characterizes the 
Kruja zone. Locally, a Tortonian continental sandstone facies 
lies unconformably on a variety of older strata. 

The Ionian zone is made up of a thin-skinned fold and thrust 
belt which is detached from the basement at the level of 
Permo-Triasic evaporites. Late Triassic and Early Jurassic 
neritic limestone and dolomites contain cherts. Oligocene and 
Aquitanian series are developed into flysch and flyschoid 
facies. 

At the base of Burdigalian to Serravalian series, in the clay- 
marl series of present molassic facies, an angular 
unconformity is developed. 

The Preadriatic Depression is filled with continental and 
deltaic Miocene and Pliocene series. Serravalian sandstones 
and clay lie unconformably on deformed older strata and are 
themselves involved in compressional structures. 

Generally, carbonate rocks are fissured and karstified, thus 
forming important groundwater reservoirs (Dakoli, H., et al. 
1981, Hydrogeological Map of Albania, scale 1:200,000, 
1985, Eftimi R. et al., 1989). 

In the western part of Albania, there are two artesian basins: 
the Adriatic and Tirana basins. The sandstone aquifers of the 
Tortonian deposits generally have a low permeability (the 
medium specific yield of the wells is about 0.04-1 l-s'^m' 1 . 


3. METHODS AND STUDY AREA 

Geothermal studies carried out in Albania are oriented toward 
the study of the distribution of the geothermal fields and the 
natural thermal water springs and wells. The temperatures 
have been measured and the geothermal gradient and the heat 
flow density at different depths have also been calculated 
(Frasheri et al. 1995). Temperature measurements were 
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carried out in 145 deep wells, in boreholes, and in mines, at 
different hypsometric levels. 

The temperature in the wells was recorded at regular intervals. 
It was measured by means of resistance and thermistor 
thermometers. The average absolute measurement error was 
0.3°C. The measurements were carried out in a steady-state 
regime of the wells filled with mud or water. The recorded 
data were processed using the trend analysis of first and 
second degrees. 

The chemical composition of the waters was determined. The 
output of the springs and wells and their hydrogeology was 
evaluated. 

Geothermal studies were extended all over the territory of 
Albania. In the western regions, where oil and gas reservoirs 
are situated, the temperature has been recorded in about 120 
wells. In the northeast and southeast regions of Albania, 
about 25 boreholes have been studied together with eight 
thermal water springs for which the chemical analyses were 
also carried out. 


4. RESULTS 

The results of the geothermal studies are presented in maps 
using contour lines. Temperature maps have been drawn for 
different levels of up to 5000m depth. Geothermal gradient 
maps and heat flow density maps have also been drawn. The 
natural springs with thermal waters and the geological 
structures with high water temperature have also been 
mapped. The water basins with higher average temperature 
than that of mean ambient in one of the regions have been 
studied as well. 

An investigation has begun into the possibility of exploitation 
of abandoned deep oil wells as “Vertical Earth Heat Probes” 
(Frasheri A., Bakalli F., 1995) has already begun. 


5. DISCUSSION 

The geology of the Albanides defines the regional 
possibilities for the research and exploitation of natural 
geothermal energy resources (Frasheri A., et al., 1995. 
Frasheri A. & Bakalli F., 1995). The greatest heat flow 
densities are found in the center of the Preadriatic Depression, 
where the value is 42 mW-m' 2 , and in the east of the ophiolitic 
belt, where heat flow density reaches values of up to 60 
mW-m" 2 (Fig. 1). 

The temperature varies from a minimum of 12°C at a depth of 
100m up to 105.8°C at a depth of 6000m. In the central part 
of the Preadriatic Depression, there are many deep oil wells 
where the temperature reaches up to 68°C at a depth of 
3000m. The isotherm runs in a direction that fits that of the 
strike of the Albanides. The configuration of the isotherm is 
the same down to a depth of 6000m. With increasing depth, 
the zones of highest temperature align in a direction southeast 
to northwest, towards the center of the Preadriatic Depression 
and even further towards the northwestern coast. 


The geothermal gradient reaches -18.7 mK-m' 1 in the center 
of the Preadriatic Depression. Elsewhere the gradient is 
mostly 15 mK-m' 1 (Fig. 2). In the south of the country the 
geothermal gradient has low values 11.5-13 mK-m' 1 . The 
lowest gradient value of 7-11 Mk-m' 1 is found in the deep 
synclinal belts. Towards the northeastern and southeastern 
regions of Albania, over the ophiolitic belt, the geothermal 
gradient increases, reaching the value of 23.5 mK-m' 1 . 


6. GEOTHERMAL AREAS AND RESERVOIRS 

In Albania there are many thermal springs and wells of low 
enthalpy. Their water temperatures reach values of up to 
60°C (Fig. 3). Table 1 presents some data on the water 
temperature for such springs. 

These thermal water springs are mainly near zones of regional 
tectonic fractures. Generally the water circulates through 
carbonatic rocks of the structures and evaporitic beds at some 
kilometers of depth. The water of these springs contains salt, 
absorbed gas and organic matter. They are sulfide: methane, 
iodine-bromine and sulfate types. 

In many deep oil and gas wells, there are thermal water 
fountain outputs with a temperature that varies from 32 to 
65.5°C (table 2). These waters come from different depth 
levels (800-3000 m) of limestone reservoirs (wells 1, 2, 3, 4) 
and sandstone reservoirs (wells 5, 6, 7 and 8). 

Presently, the thermal waters of the springs 1, 2, 4, and 6 and 
wells 1, 2, 3 in Albania are used only for health purposes. 
These waters could be used for heating purposes and 
greenhouses as well. 


7. DIRECTIONS FOR THE EXPLOITATION OF 
GEOTHERMAL ENERGY IN ALBANIA 

The geothermal situation in Albania offers two directions for 
the exploitation of geothermal energy, which has not been 
used so far. 

• First, thermal water springs and wells of low enthalpy 

• Second, the use of deep doublet abandoned oil and gas 
wells and single wells for geothermal energy, in the form 
of a “Vertical Earth Heat Probe”. The geothermal 
gradient of the Albanian Sedimentary Basin has an 
average value of about 18.7 mK-m' 1 . At 2000m depth the 
temperature reaches a value of about 48°C. In these 
single abandoned wells a closed circuit water system can 
be installed. This “Vertical Earth Heat Probe”, by means 
of water circulation, is coupled with the heat transfer from 
the surrounding rocks downwards, to be finally recovered 
in the tubes (Hoffman F., et al., 1993). 


8. CONCLUSIONS 

In Albania, there are several geothermal energy sources that 
can be used. Such geothermal energy sources are natural 
thermal water springs and deep wells with a temperature of up 
to 65.5°C. Deep abandoned oil wells can be used as “Vertical 
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Earth Heat Probe”. The use of geothermal energy in Albania 
must start as soon as possible, in the framework of a separate 
project, after the compilation of the geothermal resource 
“Atlas of Albania” in February 1996. 
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Table 1 THE THERMAL WATER SPRINGS IN ALBANIA 


N° of Springs 

Location 

Temperature in °C 

Sait in mg/1 

Artesian Spring yield 
in Fs" 1 

1 

Llixha Elbasan 

60 

0.3 

0 

2 

Peshkopi 

5-43 

9 

10 

3 

Krane-Sarande 

34 


<10 

4 

Langareci-Permet 

6-31 


>10 

5 

Shupal-Tirana 

29.5 


10 

6 

Sarandoporo-Leskovik 

26.7 


>10 

7 

Tervoll-Gramsh 

24 


>10 

8 

Mamurras-Tirane 

21 

26 

>10 


Table 2: THE OIL AND GAS WELLS THAT HAVE SELF-DISCHARGE OF THERMAL WATER 


N° 

Well Name 

Temperature in °C 


Self-discharge, 
in l.sec" 1 

1 

Kozani-8 

65.5 

4.6 

10.4 

2 

Ishmi 1/b 

64 

19.3 

4.4 

3 

Galigati 2 

45-50 

5.7 

0.9 

4 

Bubullima 5 

48-50 

35 


5 

Ardenica 3 

38 


15-18 

6 

Ardenica 12 

32 



7 

Semanil 

35 


5 

8 

Verbasi 2 

29.3 


1-3 ; 
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Figure 1 .Heat Flow Density Map. 


Figure 2. Geothermal Gradient Map. 
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Figure 3. Thermal Springs and Wells. 
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ABSTRACT 

The paper presents the analysis of the integrated geophysical study results for investigations of 
the karstic zone in Albania. Electrical profiling and soundings, microgravity and micromagnetic 
surveys, TURAM and radiowaves methods, refraction seismic of high frequencies, and borehole 
logging, were included in geophysical complex. Technical construction design and works have 
been performed according to results of integrated geological-geophysical investigations. 

1. INTRODUCTION 

Albania is a mountainous Mediterranean country. Geologic, hydrogeologic, geomorphologic and 
climatic conditions of the country causes the intensive development of karst phenomenon. The 
karstic formations in Albania are mainly represented by carbonate and evaporite rocks. Triassic, 
Jurassic, Cretaceous and Paleocene are the ages of karstic carbonate rocks. Groundwater flow 
through altered and disjunctive tectonic zones of the carbonatic structure causes the tectonic 
karst development. The presence of the pseudokarstic holes in the subargillite cover in the karstic 
zones has observed. 

There are many rivers streaming from the mountains where seven hydropower plants, with an 
installed power of 1427 MW have been builds. In Albania, have also been constructed about 250 
big water reservoirs for agriculture irrigation purposes. The projection and construction of these 
works are preceded by detailed integrated geological-geophysical engineering studies. Boreholes 
have verified the results of these studies. A special attention is given to the study of the karst 
phenomenon: The detection of the karstic zones, caves, and to evaluated the dynamics of its 
development from surface to depth. The focus of this study is concentrated also on the loose 
cover deposits. 

The study of the loose cover deposits, the separation of the karstic zone in bedrock and the 
detection of the cavities have been performed by applied of the electrical soundings and 
profiling, seismic refraction survey of high frequencies, gravity and magnetic micro-surveys, self 
potential survey and electromagnetic methods. The zone with unequal development of karst, the 
karstic lattices in the limestone, and cavities with certain dimension have been isolated. The 
process of the pseudokarst development in loose deposits has evaluated. The physical- 
mechanical parameters of the bedrock such as porosity, filtration coefficient, density, modulus of 
static and dynamic elasticity have been determined. Geophysical surveys have been performed 
by detailed scale 1:500 and even 1:200, with survey grid (1-2) x (2-5) meters. 
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The results of the geophysical investigation carry out in the framework of the integrated 
geological- engineering studies for the detection of the karstic zones, the discovery of the caves 
and the study of the loose deposits which cover the limestone have been analyzed. 

2. GEOLOGICAL SETTING OF THE KARSTIC ZONES AND THEIR PHYSICAL 

PROPERTIES 

Triassic, Jurassic, Cretaceous and Paleocene carbonatic rocks and Permian-Triassic evaporites 
are represented karstic medium in Albanian Mountains. Average monthly temperature of 
different areas varies from 2.3-10 up to 17.8-25.9 °C. The average annual rainfall is more than 
1300 mm in Albania. Mediterranean humid climate, rugged relief of the limestone’s slope 
mountains and intensive underground water flowing was created the conditions for development 
of the karst phenomenon. Are observed open or young karst and old buried karst. Karstic fields, 
with cuspate microrelief in the valleys, caves, and funnels are extended in the karstic zones. 
Channels, holes and caves were observed in the subsurface. Karst lattice, micro and macro- 
fissures are important element of the in karstic zones. Particularly, the karst phenomenon is 
developed intensively in the riverbed and their slopes. In some cases, the karst cavities are filled 
with clay or bauxite. The karst phenomenon is also present in the evaporites. 

The holes, or pseudo-karst, are observed in the argillite cover mass, over the karstic limestone. 
Its tops are located at the depth from some centimeter to the some meters. Oval its transversal 
section has a diameter from some centimeters to 1x1.5 meters. 

The petrophysical properties of the rocks in the karstic zones are different from the surrounding 
environment; therefore the geophysical anomalies can be obtained over karstic zones. 

Limestone resistivity varies in wide range, depending by micro and macro fissures, by the lattice 
of the karst, holes, and the clay content. The compact limestone has resistivity values up to 12 
000 Ohm-m. The presence of the clay material decreased the resistivity value. Jointing and karst 
lattices filled with water or clay material are conducting channels. In these cases, limestone 
resistivity is decreased up to some tens of Ohm-m Tab.l). 

Tab. 1 

RESISTIVITY OF THE ROCKS IN KARSTFIED ZONES 


ROCKS 

RESISTIVITY, in Ohmm 

Minimal 

Maximal 

Mode 

Grey to white subargille 

22 

50 

30 

Subargille 

25 

60 

40 

Brown subargille 

40 

80 

60 

Reddish subargille 

60 

150 

105 

Subargille with carbonate 
material 

no 

254 

180 

Karstic limestone; karst 
lattices filled with clay 

155 

400 

260 

Altered limestone 

150 

1000 

600 

Compact limestone 

1000 

15 500 

3000 


Loose subargille, silt, sand and rarely gravel, or cemented slope clastic breccia represents the 
cover deposits over the limestone. All these deposits, generally, have a smaller resistivity than 
the limestone (Tab. 1). Their resistivity depends by the content of the clay, sandy and even 
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carbonate material. In the case of the high content of the carbonate, the subargilles have 
resistivity values between 110 and 254 Ohmm. There is also a relation between the resistivity of 
pure subargille without carbonate material and the filtration coefficient. 

According to the mathematical and physical modeling, over the karst cavities it is possible to 
observed increasing of the resistivity and their anomalies (Fig. 1, 2). The empty cavities, with a 
section of 3 m 2 and located at a depth of 5 m, within compact limestone, cause apparent 
resistivity anomalies. The underground corridors with 2 meters of square section cause weak 
anomalies. They may be detected at a depth of 3,5-7 m. There are weak anomalies over the 
chimneys, which are filled with loose clay over on the subargille deposits. If these holes have a 
diameter of 2 m and occur at a depth of 2-3 m then they are detectable. 

Resistivity is changes in vertical direction, too. The subargilles cover deposits represent first 
geoelectrical layer (Fig. 3). This layer is characterized by the presence of the furrows; holes and 
funnels as they often filled with altered material. The altered material content is 10-15 %of the 
rock volume and reach a depth of almost 5 m. Below this layer, there is the second geoelectrical 
layer, which can be called as the alteration zone. The caves, corridors of the underground 
channels, which reach up to 10 % of the rock volume, are empty, where the zone is located 
above the groundwater level. For this reason, the resistivity of second layer is high. The 
thickness of this layer varies, depending on the karst forms of the limestone and the shape of the 
relief. The third geoelectriacal layer shows the signature of pi<p 2 >P 3 - This is because; the less 
dense karst lattices are filled with water. Lower geoelectrical layer is represented by compact 
limestone, with higher resistivity than that of all overlying layers. Fig. 3 presents the sounding 
resistivity curve KH type (pi<p 2 >p 3 <p 4 ) of karstic zone. Depending on the thickness of layers, A 
type geoelectric section is also possible (pi>p 2 >P 3 ). 

Subargilles, which are filled karstic cavities and lattices have induced polarization chargeability 
about 20-30 mV/V. 

The lattices system and empty karstic elements are caused electrical anisotropy of the limestone. 
The anisotropy coefficient varies from X=l.l up to 4.85. The rose diagram of apparent resistivity 
in the karstic rocks, have the main directions with discordance by direction of the stratification. 

Limestone are characterized by high density, which varies 2440-2700 kg/m 3 , with an average 
values 2660 kg/m 3 . Their density depending from the geological age and presence of the micro 
and macro fissures. The empty caverns are characterized by a density contrast of about 2600 kg / 
m 3 . The mathematical modeling shows that the gravity anomalies caused by small cavities, with 
a radius of 0.2 m, can be observed only when the cavity top are at the depth 0.3 m, with a 
minimum amplitude of the Bouguer anomaly of 0.03 mGal (Fig. 4). The huge cavities with a 
diameter of 15 m may be detected at a depth of 18 m. The density contrast is smaller for the 
cavities, which are filled with water or clay. Therefore, is decreased the depth of their 
investigation. The karstic phenomenon is accompanied with the micro and macro fissures. 
Consequently is decreased the density of the karstic zones. This supplementary reduction of 
density occurs in a larger area in comparison with the size of the cavern. This causes an increase 
on the amplitude of the gravity anomalies. Following, the depth of gravity surveys increases. 
Their density reduces to 1 130 kg / m 3 when they are loose and dry. 

Magnetic susceptibility (40-120) xl0-5 SI units characterize the subargilles. This created the 
condition for creating of the magnetic anomalies over the karstic caves filled with clay material. 
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According to the mathematical modeling, the cave with a diameter of 4 m, which is located at 2 
m depth, below the Earth surface, can be caused an anomaly with amplitude 5 nT. 

Seismic waves velocity decreased up to 1 660 m/sec in karstic limestone, which is three time 
smaller that velocity of the compact limestone (5 000- 6 000 m/sec). 

3. THE SURVEY CONFIGURATION 

The petrophysical properties of the rocks in the karstic zones are different from the surrounding 
environment; therefore geophysical anomalies can be obtained over karst zones. 

The application of geophysical methods has been necessary, and these methods have been 
priority over the other classical geological exploration methods, especially for the study of the 
covered loose deposits over the karstic rocks. The purpose of the geophysical surveys is the 
discrimination of the zones, which need a special care during the construction of the 
hydrotechnical works, to avoid filtration and to prevent constructions against the action of the 
hydrodynamic and hydrostatic pressures. The thickness of the loose covering deposits and their 
layered structure has been determined. The variations of the top of bedrock and the relation 
between the loose deposits and bedrock have been investigated. The structure of the bedrock was 
performed. The zones with unequal development of karst and the karst lattices in the limestone 
and particular caves have been isolated. The process of the karst development, and the physical- 
mechanical parameters of the bed-rocks and loose deposits such as porosity, filtration coefficient, 
density, modulus of static and dynamics elasticity have been evaluated. 

Such a broad scope of the problems to be solved by geophysics made necessary the application 
of surveys by the very detailed scales, 1:500 and even 1:200. Survey grid has been (1-2) x (2-5) 
m. Have been applied different methods, such as electrical profiling and soundings, gravity and 
magnetic micro- surveys, self- potential and induced polarization survey, radiowave method, 
TURAM method, high frequency seismic refraction surveys, and borehole logging. 

Electrical profiling were performed with multiple Schlumberger array A 1 A 2 A 3 MNB 3 B 2 B 1 . 
Volumes of the 5-25 % from the electrical soundings were performed with multidirectional 
array, to electric anisotropy study. Electrical profiling have been carried out by pol-dipol array 
AMN, B— >°o, with spacing AO = 10- 300 m. The surveys were performed in two levels: 

In the upper level, at a depth of 10 m, for the search of cavities in the loose cover, and 
In the limestone near the surface, as well as in the lover level, to detect the karst cavities 
within the limestone. 

In some cases have been used the TURAM survey and the method of radio waves with 
frequencies up to 10 MHz. Induced polarization survey have been applied for the selection of the 
cavities filled with clay from cavities filled with water. The self- potential surveys have been 
carried out before and after the raining. The electrical measurements have been conducted with 
RDC-10 SCINTREX receiver. 

The gravity survey has been carried out by a gravimeter with a sensitivity of 0. 01 mGal. Short 
measured period, than 1 hour, has permitted the observation of anomalies with amplitude of 0.1 
mGal. The gravity survey was used prior the other geophysical methods for finding the karst 
cavities. 
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The magnetic survey were done with the proton magnetometer of they type MP-2 SCINTREX 
with sensitivity of 1 nT. Measured values were corrected for diurnal variation. The mean average 
square error of the surveys was not more than 4-5 nT. Magnetic micro-survey is used for 
selection of the caves filled with clays from the empty ones. 

Seismic refraction surveys were conducted with a 6-trace seismograph. In every channel 
longitudinal (P) and the transverse (S) waves were recorded, at a distance 0; 2; 3; 5; 10 and 25 m. 

For investigation of the underground water infiltration ways have been carried out self-potential 
surveys. Surveys were performed during the dry period and after the rains. Self-potential 
anomalies have great amplitude when are observed after the rain. In this case, the water 
infiltration process is developed intensively and the anomalies are amplified. 

Electrical (resistivity and self- polarization-SP) and gamma-ray logs also carried out in boreholes 
with. The logging plots recording were conducted at scale 1: 50. The correlation between the 
physical and mechanical properties is made by statistical methods by using the results of in situ 
and laboratory sample measurements. 

4. DISCUSSIONS OF THE RESULTS 

The results of geophysical surveys carried out in some karstic zones in Albania will be analyzed. 

The water reservoir, near of the Shkodra city in Northwest part of Albania, is located over the 
Triassic-Jurassic karstic limestone. Clays, subargilles, silt and sand of deluvial- provulial loose 
deposits are covered the karstic limestone. According to the electrical sounding results, loose 
cover deposits have a thickness, which varies from 1-2 m to 26 m. In some sectors of the 
reservoir area were observed the KH and HA types sounding curves are of (Fig. 5). The karst 
phenomenon is developed in these sectors. There are observed also an electrical anisotropy of the 
limestone. In the deepest sectors of the valley, the karstic limestone are eroded. Consequently, 
were observed two-layers sounding. 

Resistivity and gravity anomalies have been observed also over the limestone blocks or 
deepening of the limestone top. Fig. 6 presents the Bouguer anomaly map in irrigation reservoir 
in Vlora district in southwestern coastal zones of Albania. Reservoir is located over a Jurassic- 
Cretaceous karstic carbonate and carbonate-clay breccia formation. There are observed five 
Bouguer anomalies (Fig. 6). Anomalies G-l, G-2, and G-3, according to the complex 
interpretation of the gravity survey data and electrical profiling and soundings, have been 
concluded that these anomalies are located over the sectors where is increased the thickness of 
the loose cover deposits. Anomalies G-3 and G-4 are coincided with the Self-Potential 
anomalies. This fact is an argument for the kartic origin of the gravity anomalies G-3 and G-4. 

The karst cavities and lattices which are filled with clay, have been selected by magnetic and the 
induced polarization data. Over these sectors, magnetic and induced polarization anomalies are 
observed (Fig. 5). These sectors are also clearly seen in the borehole logging plots, by increasing 
of the intensity of natural gamma radiation. 

The karstic zones were also observed by refraction seismic surveys. In the time sections have 
been indicated that there is a three layered section in the right one. The upper layer has a wave 
propagation velocity of Vi= 3100 m/sec, the second one V2 = 1660 m/sec and the third one V3 = 
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5000 m/sec. The second layer, with low seismic wave velocity, shows the presence of the karstic 
limestone. 

Fig. 6 presents the field-potential anomalies in the irrigation reservoir. The self-potential 
anomalies have been well contoured the water infiltration ways. 

The loose clay and subargilles deposits, that cover the limestone in the studied karst zones, have 
relatively higher resistivity values, varying between 20 and 80 Ohm-m. This reveals that they are 
carbonatic or permeable. In different reservoirs, some holes were found in the loose deposits, 
that covers the karstic limestone. Over these holes, a maximum of the apparent resistivity and 
minimum of the gravity force were observed (Fig. 7). Both are weak anomalies. Resistivity 
anomalies have the amplitude about 20-50 Ohmm. These anomalies are also similar to the 
anomalies are observed also in buried limestone block. The density of the clays and subargillites 
varies between 1800 kg / m 3 and 2000 kg / m 3 . The amplitude of the gravity anomalies is 
increased for the second derivative of the vertical component of the gravity g zz . But, such 
minimum are found also in cases where the thickness of the loose deposits increases. 
Consequently, the resistivity method and gravity survey is necessary to use in complex. 


5.CONCLUSIONS 

1) Karstic zones and the underground cavity detection have been performed effectively by the 
integrated geophysical methods. 

2) The karstic zones can be separated from the compact limestone by the KH and HA or A type 
of the resistivity sounding curves and by the electrical anisotropy. In addition to the resistivity 
method, have been used the high frequency seismic refraction surveys. The caverns that have a 
radius about 1 m and are located close to Earth surface have been detected by using conventional 
gravimeter with sensitivity of 0. 01 mgal. 

3) Selection of the caverns filled with clay was performed by application of the induced 
polarization soundings and magnetic micro-survey, in complex with the resistivity soundings. 
Good results are also obtained by the method of high frequency radio-waves method, with a 
frequency up to 10 MHz, during the salt mine investigation. 

4) Detection of the holes in the loose subargille cover deposits is possible to be performed by the 
electrical profiling and the gravity surveys. 

5) The boreholes logging, electrical, radioactive and acoustic logs, have been permit to evaluated 
physical properties of the rocks and loose deposits, and verify results of the geophysical surveys. 
The evaluation of the physical properties is necessary to base also in the laboratory determination 
of the samples. 
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Fig. 1. Amplitude of the anomalies of the apparent resistivity over a cubic cave, according to the 
2D physical modeling. Top of the cave is located at depth 7 m. Cubic side 5 and 15 m 
(a/h=0.71 and 2.14). 


Fig. 2. Amplitude of the anomalies of the apparent resistivity over a vertical prismatic cave, 

according to the 2D physical modeling. Top of the cave is located cave at depth 15 m. 
Prism has a base 2 m and height 10 meters. 
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Fig. 3. Resistivity and Induced Polarization sounding curves over a vide karstic cave and filled 
with water cave. 


Fig. 4. Dependence of the radius of sphere cave by depth of their top. Cave is caused gravity 
anomaly with an amplitude 0.03 mGal. Filled with water cave has a density contrast 
-1600 kg/m 3 and empty cave -2600 kg/m 3 . 
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Fig. 5. Integrated geologic-geophysical section of the observed line in the reservoir near of the 
Shkodra city. 

1. Subargille cover; 2. Intensive karstified limestone; 3. Karstified limestone; 4. The 
values of the resistivity, in Ohmm; 5. Self-Potential observed after the rain; 6. Self- 
Potential observed in dry weather. 
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Fig. 6. Bouguer anomalies and Self-potential anomalies in the reservoir near in the Vlora district. 
1. Self-potential contours observed in dry period; 2- Self-potential contours observed 
after the rain; 3- G.l- G.5- Bouguer anomaly axis; 4- Electric sounding center; 

5- Borehole. 
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INTRODUCTION 

In the countries of Western Europe, USA and 
Japan, the technologies of a new generation 
evolved to exploit high and low enthalpy 
geothermal sources and mineral waters. There 
are great experiences for modem complex 
exploitation of these resources, which increase 
natural wealth values, in European Community 
Countries. 

In Albania, rich in geothermal resources of low 
enthalpy and mineral waters, similar new 
technologies have been either partly developed 
or remain still untouched. Modem complex 
exploitation is very rare phenomena. 

Large numbers of geothermal energy of high and 
low enthalpy resources, a lot of mineral water 
sources and some C0 2 gas reservoirs represent 
the base for successfully application of modem 
technologies in Albania, to achieve economic 
effectively and success of complex exploitation. 

Actuality, there are many geothermal, 
hydrogeological, hydrochemical, biological and 
medical investigations and studies of thermal and 
mineral water resources carried out in Albania. 
Generally, these investigations and studies are 
separated each from the other. Their information 
and data will serve for studies and evaluations in 
Albania regional scale. These studies and 
evaluations are necessary to well know in 
regional plane the thermal and mineral water 
resources potential and geothermal market of the 
Albania. According to results of these new 
studies, the evaluation for the perspective level 
of the best areas in country will be necessary. 
After the evaluation is possible to start 
investments in these areas. These investments 
will be profitable in a short period of time. 


Integrated and cascade use of geothermal energy 
of low enthalpy it is important condition for 
profitable investment. 

1. OVERLOOK ON NATURAL 
ENERGETIC RESOURCES IN ALBANIA 

Albania is a mountainous Mediterranean country 
with numerous natural energetic resources. 
Albania has a total surface 28 748 km 2 , where 
70-75% of the territory is composed of 
mountains, hills, lakes and rivers. There are 
many rivers flowing from the mountains. The 
total hydrographic chatchment area surface of 
Albania is about 40 000 km 2 The average level 
of the hydrographic network is 700 m. Albania is 
a country with relatively high precipitation. In its 
hydrographic area fall in average 1 400 mm rain 
per year. Its snows in the levels over 1 000 m in 
mountain areas. 70% of the river water flows 
observed during the winter and spring. During a 
year from all Albanian Rivers flows in sea about 
39 billion m 3 water. The average perennial total 
inflow of Albanian Rivers is about 1 245 m 3 /sec. 
of One of main Albanian rivers, Drini River in 
Northern Albania, has an average inflow about 
340 m 3 /sec. 

According to Preliminary Feasibility Studies 
result that the hydro-energetic potential of 
Albania for the exploitation reach about 16 000 
GWh per year. 

Hydroenergetic resources represent most 
important energetic resources of Albania. Seven 
hydro-power plants have been built, with an 
installed power of 1446 MW. Fierza, Komani 
and Vau Dejes Hydroelectro power plants have 
been constructed in Drini River, with an installed 
power, 500 MW, 600 MW and 250 MW, 
respectively. Electric energy production is 5 000 
GWh in 1999. From 58 small hydroelectric 
power plants were produced only 0.23% of the 
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energy of hydroalectric energetic system of 
Albania. 

Until now it is utilized about 30% of the hydro- 
energetic potential of Albania. 

There are about 20 oil and gas reservoirs under 
exploitation in Albania, producing about 2.4 Mt 
oil in 1974, but within the last years the 
production is decreased and in 1999 only about 
340 Kt of oil were extracted. 

There are tens of coalmines in Albania, with an 
output of over 2.2 Mt coal in 1989 and 420 Kt of 
coal in 1995. In 1999 the production is under 50 
Kt of coal. 

Thermoelectric power plants have an installed 
power about 213 MW, and production has been 
182 million kWh during 1999. Fieri 
Thermoelectric Power Plant is most important, 
with an installed power 160 MW. 

The Albanian energetic system is mainly based 
on electricity produced by hydropower plants. 
The climate of Albania is a typical 
Mediterranean one, with a hot and dry summer. 
This climate makes the electrical system (based 
on the water resources of Albania) very 
capricious. 

In the present conditions of a new Albanian 
market economy, together with the 
transformations in the management of existing 
energetic system, the study of other energetic 
sources has begun. There are great possibilities 
to use renewable energies. 

Solar energy is most important of renewable 
energies in Albania. Albania is a country with 
great sunshine period during the year, from 2731 
o’clock/year in the Southern Albania, 2 560 
o’clock/year in the Tirana region and 2046 
o’clock/year in Northern Albanian regions 
(Climate of Albania, 1978). 

Solar heat in Albania has an average value about 
129.3 Kcal-cm ^year' 1 . The use of the solar 
panels for the direct solar energy exploitation 
will have a great importance in Albania. 

Wind energy exploitation in Albania is 
important, too. In the coastal areas the average 
wind speed is about 2. 8-3. 8 m-sec' 1 (Climate of 
Albania, 1978). There are many regions where 
the wind speed is several times greater than that 


in the above-mentioned regions, 35-45 m/sec in 
coastal areas and 20-35 m/sec in the other 
regions. This is another important source of 
renewable energy. 

In Albania there are also many thermal water 
springs and wells of low enthalpy, with a 
temperature of up to 65.5°C, which indicates that 
it is possible direct use of the geothermal energy. 

2. GEOTHERMAL ENERGY IN ALBANIA 

2.1 Geological Features 

The Albanides form an integral part of the 
southern branch of the Mediterranean Alpine 
orogen. They are subdivided in two zones: the 
Internal and the External Albanides. The geology 
of Albanides creates the premises for the 
research and exploitation of natural geothermal 
energetic resources. 

The results of the geothermal studies carried out 
in Albania are presented in maps and geothermal 
sections. Temperature maps have been drowning 
for different levels of up to 5000m depth. 
Geothermal gradient, heat flow density and 
geothermal resources maps have also been 
drawn. The natural springs with thermal waters 
and the geological structures with high water 
temperature have also been mapped. The water 
basins with higher average temperature than that 
of yearly average in one of the regions has been 
studied as well. The study of the possibility of 
exploitation of abandoned deep oil wells as 
“Vertical Earth Heat Probes” has already begun. 

The greatest heat flow density with a value of 42 
mW-m' 2 is found in the center of the Preadriatic 
Depression (Fig. 1). In the east of the ophiolitic 
belt heat flow density reaches values of up to 60 
mW-m' 2 . 

The temperature varies from a minimum of 12°C 
at a depth of 100m up to 105.8°C at a depth of 
6000m. In the central part of the Preadriatic 
Depression, there are many deep oil wells where 
the temperature reaches up to 68°C at a depth of 
3000m. The isotherm runs in a direction that fits 
that of the strike of the Albanides. The 
configuration of the isotherm is the same down 
to a depth of 6000m. Going deeper and deeper 
the zones of highest temperature move in a 
direction southeast to northwest, towards the 
center of the Preadriatic Depression and even 
further towards the northwestern coast. 
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The geothermal gradient has the highest value 
about 18.7 mK-m' 1 in the center of the 
Preadriatic Depression. Elsewhere the gradient 
is mostly 15 mK-m 1 (Fig. 2). In the south of the 
country the geothermal gradient has low values 
11.5-13 mK-m' 1 . The lowest gradient value of 7- 
11 Mk-m' 1 is found in the deep synclinal belts. 
Towards the northeastern and southeastern 
regions of Albania, over the ophiolitic belt, the 
geothermal gradient increases, reaching the value 
of 23.5 mK-m' 1 . 


2.2. Geothermal Areas and Reservoirs 

In Albania there are many thermal springs and 
wells of low enthalpy. Their water has 
temperatures that reach values of up to 60°C 
(Fig. 3). 

Table 1 presents some data on the water 
temperature for such springs. 


Table 1 

THE THERMAL WATER SPRINGS IN ALBANIA 


N°of Springs 

Location 

Temperatur 
e in °C 

Salt in 
mg/I 

Artesian Spring 
yield in l-s-1 

1 

Llixha Elbasan 

60 

0.3 

0 

2 

Peshkopi 

5-43 

9 

10 

3 

Krane-Sarande 

34 


<10 

4 

Langareci- 

Permet 

6-31 


>10 

5 

Shupal-Tirana 

29.5 


10 

6 

Sarandoporo- 

Leskovik 

26.7 


>10 

7 

Tervoll-Gramsh 

24 


>10 

8 

Mamurras-Tirane 

21 

26 

>10 ; 


contains salt, absorbed gas and organic matter. 
They are sulfide: methane, iodine -bromium and 
sulfate types. 

In many deep oil and gas wells there are thermal 
water fountain outputs with a temperature that 
varies from 32 to 65.5°C (table 2) 

j 2 

THE OIL AND GAS WELLS THAT HAVE SELF-DISCHARGE OF THE THERMAL WATER 


N° 

Well Name 

Temperatur 
e in °C 

Salt in mgT 1 

Self-discharge, 
in l.sec' 1 

1 

Kozani-8 

65.5 

4.6 

10.4 

2 

Ishmi 1/b 

64 

19.3 

4.4 

3 

Galigati 2 

45-50 

5.7 

0.9 

4 

Bubullima 5 

48-50 

35 


5 

Ardenica 3 

38 


15-18 

6 

Ardenica 12 

32 



7 

Semanil 

35 


5 

8 

Verbasi 2 

29.3 


1-3 


These thermal water springs are mainly near 
zones of regional tectonic fractures. Generally 
the water circulates through carbonatic rocks of 
the structures and evaporitic beds at some 
kilometers of depth. The water of these springs 


These waters comes from different depth levels 
(800-3000 m) of limestone reservoirs (wells 1, 2, 
3, 4) and sandstone reservoirs (wells 5, 6, 7 and 
8 ). 


Until now the thermal waters of the springs 1, 2, 
4, and 6 and wells 1, 2, 3 in Albania are used 
only for health purposes. These waters may be 
used for heating purposes, green houses, 
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aquaculture, and thermal pool for tourists, 
extraction of the microelements and natural salts 
as well. 

In conclusion, reservoir is a heterogeneous 
collector and its thermo-hydrodynamic regime is 
stable in Kruja geothermal area. We could find 
other springs with greater geothermal resources, 
higher yield and water temperature we may 
expect in this geothermal area. For that, it is 
necessary that hydrogeological and geophysical 
investigations to carried out and new wells be 
drilled in order to capture the water deeper where 
the temperature is higher. 

2.3. Directions for the exploitation of 
geothermal energy of low enthalpy in Albania 

The geothermal situation of low enthalpy in 
Albania offers two directions for the exploitation 
of geothermal energy, which is unused until 
now. 

• First, thermal sources of low enthalpy and of 
maximal temperature up to 80°C. These are 
natural sources or wells in a wide territory of 
Albania, from the South near Albanian-Greek 
boundary to North-east districts in Diber 
Region. 

Thermal waters of springs and wells in Albania 
may be used in several ways: 

1. For SPA clinics for treatment of different 
diseases and 

hotels for development of Eco-tourism. 

Such centers may attract a lot of clients not only 
from Albania, because not only the good curative 
properties of these waters but also because they 
are situated in nice places near sea side, 
mountains or Ohrid lake. 

2. The hot water of SPA may be used also for 
heating of hotels, SPA and tourist centers, as 
well as for the preparation of hot water used 
there. 

Near these SPA it is possible to built : 

• greenhouses for flowers and vegetables 

• acqua-culture installations. 

3. From thermal waters it is possible to extract 
very useful chemical microelements as iodium, 
bromium, chlor etc. and other natural salts, so 
necessary for preparation of pomades for the 


treatment of many skin diseases as well as for 
beauty treatments. From these waters it is 
possible to extract sulphidric and carbonic gas, 
the former is well known for special treatments 
of breathing ways, the later for treatment of food. 
It is possible to built installations for processing 
of thermal waters. Such developments are useful 
also for the creation of new working places and 
improvement of the level of life for local 
communities near thermal sources. 

The sources of low enthalpy geothermal 
energy in Albania, which are at the same time 
the sources of multi-element mineral waters, 
they represent the basis for a successful use of 
modern technologies for a complex and 
cascade exploitation of this energy, achieving a 
economical effectiveness. 

• Second, the use of deep doublet abandoned 
oil and gas wells and single wells for 
geothermal energy, in the form of a “Vertical 
Earth Heat Probe”. The geothermal gradient 
of the Albanian Sedimentary Basin has 
average values of about 18.7 mK-m' 1 . At 2 
000 m depth the temperature reaches a value 
of about 48 °C. In these single abandoned 
wells a closed circuit water system can be 
installed. This “Vertical Earth Heat Probe”, 
by means of water conversion, is coupled 
with the heat transfer from the surrounding 
rocks downwards, to be finally recovered in 
the tubes. 

Actually in Albania the study of the possibilities 
of exploitation of the geothermal energy has 
begun. 

3. ALBANIAN GEOTHERMAL ENERGY 
MARKET 

Objectives of market study: 

• Evaluation of present status of geothermal 
development in Europe, regarding promotion 
activities, results, application, barriers for market 
penetration, legal and financial framework, etc. 

• Comparison of present status between the 
countries involved 

• Identification of the attitude and feelings 
(awareness, knowledge, preference, etc.) for the 
target groups towards geothermal energy. 

• Identification of the attitude and feelings of the 
target groups towards environmental aspects of 
geothermal energy. 



219 


• Evaluation of the outcome of promotion 
methods adopted by EU and national institutions 

• Formulation of proposals for effective 
promotion strategies for geothermal energy in 
Albania. 

Amend above proposals in order to transform 
them to effective promotion strategies for 
geothermal technologies in Albania. 

3.1 . Consumers for geothermal energy & 
thermal water (heat, spa, cooling, power 
production, drinking water, acqua-culture, 
agriculture ) 

In the present some SPA, with a primitive 
technology, worked in geothermal springs and 
wells in Albania: Lixha Elbasani, Bilaj 

Balneological Center (Ishmi 1/b well), Peshkopia 
(Diber district) SPA, Langarica (Leskovik 
Disrict) SPA, Langarica-Ura Kadiut (Permeti 
District) SPA. 

The oldest and important is Elbasani Llixha 
SPA, which located about 10 km south of 
Elbasani city and 61 km in south-east of Tirana, 
in the Central part of Albania. By national road 
communication, Llixha area is connected with 
Elbasani and Tirana. Only 10 km will be from 
the highway Durresi- Skopje- Sofia- Istanbul, 
which is projected for construction in the future 
and nominated as No. 8 European Corridor. The 
proximity with highways create great 
possibilities for Elbasani Lixha SPA to be a 
nice place. This area may be frequented by a 
large number of people from different Balkan 
countries, Italy, UK, Germany, Ostrich, 
France, Low Countries, and by Albanians from 
Albania, Macedonia and Kosovo as well, these 
thermal springs From about 2000 are know years 
ago. According to historic data, in Elbasani 
Llixha thermal springs there has been an inn, 
near of the old road “Via Egnatia" that has 
passed from Durresi to Constantinople. 

There are seven spring groups that extends like a 
belt with 320° azimuth. Surface water 
temperature is about 60°C and yield in total 15 
1/sec. Springs have constant hot water yield and 
temperature for a long period of time. These data 
are evidence of a stable thermo-hydrodinamic 
reservoir regime. 

Before the Second World War, in one from the 
springs (“Nosi spring”) has been constructed “ 
PARK-NOSI” SPA (***), with 166 beds, for 
medical treatment of various diseases, generally 


rheumatic. The “NOSI” SPA functioned during a 
period of time more than 60 years and for the 
present is private property. Land with surface of 
20 000 m 2 , hotel and restaurant are owned by 
PARK NOSI Sh.p.k.. Particularly reconstructed 
hotel after the privatization actually is in work. 
Near this property there is located a public hotel, 
with 180 beds, almost in destruction state, but 
which may be reconstruct. 

Albanian patients treated for rheumatism and 
various illnesses in Elbasani Lixha SPA are: 
in 1990 7899 persons 

1992 4659 persons (Transition Period) 

1993 4908 persons 

1994 3603 persons (after the privatization, 

only in Park NOSI 
Hotel) 

1995 3800 persons (after the privatization, 

only in Park NOSI 
Hotel) 

The events in the first half of 1997 year in 
Albania, have caused a decrease of the numbers 
of patients in PARK-Nosi SPA (**). After the 
stabilization of the situation in Albania started 
the increase of SPA frequenting 

The price in PARK-Nosi SPA, for day’s 
treatment (hotel, meal and treatment) in SPA, for 
Albanian patient, in actual economical situation, 
has been: 

in 1990 1.84 USD 

in 1996 680 lek = 7.16 USD (1 USD = 95 lek) 

in 1997 680 lek = 4.68 USD (1 USD = 145 

lek) (inflation result) 

in 1999 1000 lek = 7.4 USD (1 USD = 135 

lek) 

VAT 20% is included in the price. 

This is a more chipper price compared with 
hotels in Elbasani city, regarding 
accommodation and breakfast only. From 30 to 
240 USD per day is the price in Tirana hotels. 

About this price, it is necessary to expose the 
following: 

In the future, the increase of price for daily 
treatment of the patient in SPA. will increase 
also the profit, according to: 

Firstly, amelioration of the medical treatment, 
the accommodation and food conditions in the 
SPA. 
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Secondly, from foreign and Albanian patients the 
SPA frequenting demand will increase, 
according to new situation of the supply and 
demand. 

Thirdly, the life level of Albanian people will 
increase 

Fourthly, SPA frequenting by Albanians from 
Macedonia and Kosovo, which have more high 
economic level. 

Fifthly, European patients and tourists will start 
to frequent the New SPA, by creating the best 
condition for medical treatment and tourism for 
them. 

Land price in Elbasani region, in 1996, has been 
5-7 USD/m 2 . 

Actually, there is not a law for thermal waters in 
Albania. The PARK NOSI Sh.p.k. Llixha 
Elbasani, is using thermal spring as ex-owner of 
SPA before the Second World War. SPA in 
Ishmi well area has privates in 1993. 

All seven groups of the springs in Llixha 
Elbasani and Kozani-8 well geothermal area will 
have the possibilities for modem complex 
exploitation. The beautiful landscape of Elbasani 
Lixha area will be not only for medical treatment 
but also as tourist place. This area located near of 
the very know Ohrid Lake pearl or mountains 
Gjinari, with their fantastic forests and nice 
climate. 

Ishmi 1/b geothermal well is located in beautiful 
Tirana field, near of Rinasi (Tirana) Airport, near 
of the Adriatic coastline and Kruja - Skendergeg 
Mountain. There are all the possibilities for the 
echo-tourism development: thermal water, Ishmi 
beach at the Adreatic Sea , and mountain’s area. 

3.2. Geological risk , financial possibilities to 
cover geological risk 

No geological risk for the exploitation of thermal 
water of geothermal springs and wells in 
Albania. 

3.3. Traffic connections: roads, railways, 
navigation, and possibilities for transport of 
heavy goods 


The Ishmi- 1/b well is located in Ishmi area and 
represents the northernmost geothermal well of 
the Kruja geothermal area. It is located in 20 
kilometers NW of Tirana (near of Rinasi-Tirana 
Airport). By national road communication, Ishmi 
1/b well is connected with Tirana, Tirana 
Airport, Durresi and Shkodra cities. 

Kozani-8 well is located 35 kilometers southeast 
of Tirana, on hill’s area. Well connected by 1.7 
km road with Tirana-Elbasani national road, and 
hightway “Corridor 8” Durresi-Elbasan-Scopje. 
One km from Kozani 8 well located Saint 
George Vladimir Monastery. 

Elbasani Llixha SPA is located about 12 km 
south of Elbasani city and 61 km in south-east of 
Tirana, in the Central part of Albania. By 
national road communication, Llixha area is 
connected with Elbasani and Tirana. Only 10 km 
will be from the highway Durresi- Skopje- Sofia- 
Istanbul, which is projected for construction in 
the future and nominated as No. 8 European 
Corridor. These thermal springs from about 2000 
are known years ago. According to historic data, 
in Elbasani Llixha thermal springs there has been 
an inn, near of the old road “Via Egnatia" that 
has passed from Durresi to Constantinople. 

4. THE AIMS AND OBJECTIVES OF 
THE PROJECT 

4.1. The aims of the project 

To examine, demonstrate and disseminate the 
positive technical and financial aspects of 
transfer and utilization of innovative geothermal 
energy technologies in Albania, which will have 
a direct impact in the development of the regions 
by increasing their per capita income and at the 
same time ameliorating the standard of living of 
the people. 

This development will be achieve in parallel with 
the reduction of any negative environmental 
effect, which would have followed this type of 
development if older geothermal energy 
technology or even conventional sources of 
energy were to be utilized. Significant financial, 
social and technical benefits will arise from the 
promotion and final application of the results of 
this project. 

4.2. Objectives: 

Integrated exploitation and cascade direct use of 
the geothermal energy has projected. 
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The objectives of the project: 

4.1. Geothermal energy and mineral water 
resources evaluation of country 

4.2. In-situ detailed investigation of the pre- 
selected zones with high energy potential & 
consumers geothermal source, where will 
installed demonstrative unit. 

Among others this task will be 
concerned with: 

-Intentions of users-thermal load 
inspections 

-Initial energy balance analyses 
-Thermal characteristics of individual 
users 

-Technical geothermal data collection 
-Examination of existing technology 

It is necessary to select the thermal applications, 
which correspond to the local needs . The 
following will be defined: 

a) In situ consideration of geothermal physical- 
chemical parameters and potential 

b) Thermal load demands for space heating for 
each end-user of geothermal sources: 

- Dwellings, 

- Geothermal SPA, 

- Greenhouses, 

- Geothermal pools, etc., 

-. Aquaculture, 

- Mineral waters production 

- Extraction of the micro-elements and 
natural salts 

b) Energy balance between different end-users, 

c) Technologies to be applied 

d) Preliminary design of the geothermal energy 
exploitation system 

e) Definition of thermal demands 
i) Energy conservation, and 

k) Economic evaluation of thermal energy (space 
heating and hot water production installation 
cost, life cycle, energy product cost, pay back 
period). This evaluation will be based on actual 
market prices for equipment, construction etc. 

Based on the above analysis , for the best area 
selected , a Feasibility Study will be performed 
to analyze three components: energy supply , 
environmental impact and financial aspects , 
and to suggest the best solution of the 
innovative geothermal energy utilization 
technology applications in that area. 


4.3. Environmental protection and preserving 
level will be improved, to well assist the echo- 
system protection of thermal and mineral water 
source areas. 

Among other subjects this phase will focus 
mainly on: 

-Examination of the nature of the geothermal 
fluid 

-Environmental impact of the geothermal fluids 
during their utilization and disposition 

Selection of the most acceptable 
environmentally methods for the disposal of the 
geothermal fluids 

4.4. The concrete detailed design for the 
implementation phase of the Project will be 
prepared. 

Task 1 . Demonstrative units (pilot plants) will 
be constructed, monitored and finally 
demonstrated. These demonstrative units will 
assist in the promotion of the new innovative 
technology application facilitating in parallel the 
transfer of this innovative technology to end 
users as well as industrial production. 

The proposed schemes represent an integrated 
scheme and cascade scheme for exploitation of 
geothermal energy. This exploitation will 
realized by integrated scheme of geothermal 
energy, heat pumps and solar energy to fulfil. 
This scheme has an environmental benefit by 
using renewable energies (geothermal energy, 
solar energy), new technologies (heat pumps) 
and energy savings (cascade scheme). 

Cascade scheme should be used to fulfil the 
thermal energy demand for the selected area in 
order to get the maximum benefit from 
geothermal energy and the minimum energy 
supply from heat pumps: the promotion of 
energy savings will be in place. 

These demonstrative units will make researcher 
and scientists aware, on-site, of specific plant 
operational problems, new technology 
implementation problems and finally assist to 
their in situ solution. 

These pilot demonstrative units will help 
potential users overcome psychological barriers 
towards the utilization of new innovative 
technologies for direct application. 
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Task 2: A promotion and tourist agency will be 
organized. This agency will prepare the reclaims 
and booking of the rooms for Albanian and 
foreign patients. 

5. APPLICATION AND TRANSFER 
TECHNOLOGY FOR A COMPLEX AND 
CASCADE EXPLOITATION OF 
GEOTHERMAL ENERGY 

5.1. Construction of thermal supply installations: 

1 . Installation of pipe - distribution system 

2. Heat exchanger 

2. Distributors 

3. Control Room-Monitoring. 

5.2. Construction of the experimental units for 
exploitation of the geothermal energy: 

1. Building of SPA, with 30-40 beds, for the 
medical treatment (gynecological and 
rheumatic diseases), 

2. Construction of heating installation in the 
buildings 

3. Construction of the greenhouse for the 
flower. 

4. Construction of the greenhouse for the 
legumes. 

5. Construction of thermal pool for tourists, 
wardrobe and bar. 

6. Installation of equipment for extraction 
microelements and natural salts. 

5.2. Feasibility Study 

Technical and financial feasibility study for 
innovative geothermal energy utilization 
technology applications. Market penetration of 
geothermal energy. 

Economic evaluation should include: 

- First investments for the proposed schemes 
(integrated scheme, cascade scheme); 

• Evaluation of thermal energy (space heating 
and hot water production) unit cost produced by 
integrated scheme: geothermal energy, heat 
pumps and solar energy; 

• Evaluation of benefits (in financial terms) 
through comparison with the classical scheme of 
the proposed integrated and cascades scheme; 


• Other benefits will be assessed for example the 
environmental benefit by using renewable 
energies (geothermal energy, solar energy), new 
technologies (heat pumps) and energy savings 
(cascade scheme). 

Among others and for one of the two application 
cases this phase will be examine: 

-Preliminary consideration for each case 
-Definition of the main parameters affecting each 
system 

-Analysis of the effect of the different parameters 

-Selection of the "basic" application 

cases/techniques 

-Design of the system 

-Selection of alternative cases 

-Final technical conclusions 

Based on the above analysis, for the best area 
selected, a Feasibility Study will be performed to 
analyze three components: energy supply, 

environmental impact and financial aspects, and 
to suggest the best solution of the innovative 
geothermal energy utilization technology 

applications in that area. 
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6. PRELIMINARY COST FOR THE INVESTMENT 

Cost estimation is carried out only for the first phases, to realize investment step by step: 


No 

Object 

Cost, 
in USD 

1 

Reconstruction of heating and thermal baths 

50 000 

2 

Construction of two thermal water unit equipment’s 

80 000 


Construction of green houses, 2 * surface 3 000 m 2 

240 000 

4 

Construction of new SPA Clinic and for new hotel 
building), (****) 

2 200 000 

5 

Feasibility study and project idea 

53 000 

9 

Other Expenditures 

20 000 

10 

Overhead rate 

15 000 


TOTAL exc. VAT 

2 418 000 


7. ECONOMICAL-FINANCIAL EVALUATIONS 
HOTEL-SPA, First Phase: 25 bed rooms, 40 beds. 

Currency: USD Inflation rate: 3.5% 


Table 1 


Economic bases 

Years 

1st 

2nd 

3rd 

4th 

5th 

1 . 

Number of rooms (1) 

25 

25 

25 

25 

25 

2. 

Number of beds 

40 

40 

40 

40 

40 

3. 

Days of operation 

280 

280 

280 

290 

290 

4. 

Food&beverages-facilities 

280 

280 

280 

290 

290 

5. 

Guest structure and room price 






6. 

Average room occupancy 

100% 

100% 

100% 

100% 

100% 

7. 

Average room price 








72 

74 

75 

75 

75 



50 

50 

55 

55 

60 


1) Hotel has 15 doubles rooms and 10 single 
rooms 

Rata: Single room 50 USD; Double room 70 
USD (Include VAT) (Present room’s rate in 
* * * Hotels in T irana) 

Supplementary facilities : 

1 . Outdoor-indoor thermal & swimming pool 

2. Ball sports (tennis, volleyball, basketball) 

3. Recreation (sauna, Turkish bath, solarium) 

4. Fitness Center with aerobic 

5. Restaurant, bar 

6. Meeting room 

7. Others (rent a car, coiffeur, boutiques) 


4. THE AIMS AND OBJECTIVES OF 
THE PROJECT 


4.1. The aims of the project 
To examine, demonstrate and disseminate the 
positive technical and financial aspects of 
transfer and utilization of innovative geothermal 
energy technologies in Albania, which will have 
a direct impact in the development of the regions 
by increasing their per capita income and at the 
same time ameliorating the standard of living of 
the people. 

This development will be achieve in parallel with 
the reduction of any negative environmental 
effect, which would have followed this type of 
development if older geothermal energy 
technology or even conventional sources of 
energy were to be utilized. Significant financial, 
social and technical benefits will arise from the 
promotion and final application of the results of 
this project. 
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4.2. Objectives: 

Integrated exploitation and cascade direct use of 
the geothermal energy has projected. 

The objectives of the project: 

4.1. Geothermal energy and mineral water 
resources evaluation of country 

4.2. In-situ detailed investigation of the pre- 
selected zones with high energy potential & 
consumers geothermal source, where will 
installed demonstrative unit. 

Among others this task will be 
concerned with: 

-Intentions of users-thermal load 
inspections 

-Initial energy balance analyses 
-Thermal characteristics of individual 
users 

-Technical geothermal data collection 
-Examination of existing technology 

It is necessary to select the thermal applications, 
which correspond to the local needs . The 
following will be defined: 

a) In situ consideration of geothermal physical- 
chemical parameters and potential 

b) Thermal load demands for space heating for 
each end-user of geothermal sources: 

- Dwellings, 

- Geothermal SPA, 

- Greenhouses, 

- Geothermal pools, etc., 

-. Aquaculture, 

- Mineral waters production 

- Extraction of the micro- 
elements and natural salts 

b) Energy balance between different end-users, 

c) Technologies to be applied 

d) Preliminary design of the geothermal energy 
exploitation system 

e) Definition of thermal demands 
i) Energy conservation, and 

k) Economic evaluation of thermal energy (space 
heating and hot water production installation 
cost, life cycle, energy product cost, pay back 
period). This evaluation will be based on actual 
market prices for equipment, construction etc. 

Based on the above analysis , for the best area 
selected , a Feasibility Study will be performed 
to analyze three components: energy supply , 


environmental impact and financial aspects , 
and to suggest the best solution of the 
innovative geothermal energy utilization 
technology applications in that area. 

4.3. Environmental protection and preserving 
level will be improved, to well assist the echo- 
system protection of thermal and mineral water 
source areas. 

Among other subjects this phase will focus 
mainly on: 

-Examination of the nature of the geothermal 
fluid 

-Environmental impact of the geothermal fluids 
during their utilization and disposition 

Selection of the most acceptable 
environmentally methods for the disposal of the 
geothermal fluids 

4.4. The concrete detailed design for the 
implementation phase of the Project will be 
prepared. 

Task 1 . Demonstrative units (pilot plants) will 
be constructed, monitored and finally 
demonstrated. These demonstrative units will 
assist in the promotion of the new innovative 
technology application facilitating in parallel the 
transfer of this innovative technology to end 
users as well as industrial production. 

The proposed schemes represent an integrated 
scheme and cascade scheme for exploitation of 
geothermal energy. This exploitation will 
realized by integrated scheme of geothermal 
energy, heat pumps and solar energy to fulfil. 
This scheme has an environmental benefit by 
using renewable energies (geothermal energy, 
solar energy), new technologies (heat pumps) 
and energy savings (cascade scheme). 

Cascade scheme should be used to fulfil the 
thermal energy demand for the selected area in 
order to get the maximum benefit from 
geothermal energy and the minimum energy 
supply from heat pumps: the promotion of 
energy savings will be in place. 

These demonstrative units will make researcher 
and scientists aware, on-site, of specific plant 
operational problems, new technology 
implementation problems and finally assist to 
their in situ solution. 
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These pilot demonstrative units will help 
potential users overcome psychological barriers 
towards the utilization of new innovative 
technologies for direct application. 

Task 2: A promotion and tourist agency will be 
organized. This agency will prepare the reclaims 
and booking of the rooms for Albanian and 
foreign patients. 

5. APPLICATION AND TRANSFER 
TECHNOLOGY FOR A COMPLEX AND 
CASCADE EXPLOITATION OF 

GEOTHERMAL ENERGY 

5.1. Construction of thermal supply installations: 

3. Installation of pipe - distribution system 

4. Heat exchanger 

4. Distributors 

5. Control Room-Monitoring. 

5.2. Construction of the experimental units for 
exploitation of the geothermal energy: 

7. Building of SPA, with 30-40 beds, 
for the medical treatment 
(gynecological and rheumatic 
diseases), 

8 . Construction of heating installation 
in the buildings 

9. Construction of the greenhouse for 
the flower. 

10. Construction of the greenhouse for 
the legumes. 

1 1 . Construction of thermal pool for 
tourists, wardrobe and bar. 

12. Installation of equipment for 
extraction microelements and 
natural salts. 

5.2. Feasibility Study 

Technical and financial feasibility study for 
innovative geothermal energy utilization 


technology applications. Market penetration of 
geothermal energy. 

Economic evaluation should include: 

- First investments for the proposed schemes 
(integrated scheme, cascade scheme); 

• Evaluation of thermal energy (space heating 
and hot water production) unit cost produced by 
integrated scheme: geothermal energy, heat 
pumps and solar energy; 

• Evaluation of benefits (in financial terms) 
through comparison with the classical scheme of 
the proposed integrated and cascades scheme; 

• Other benefits will be assessed for example the 
environmental benefit by using renewable 
energies (geothermal energy, solar energy), new 
technologies (heat pumps) and energy savings 
(cascade scheme). 

Among others and for one of the two application 
cases this phase will be examine: 

-Preliminary consideration for each case 
-Definition of the main parameters affecting each 
system 

-Analysis of the effect of the different parameters 

-Selection of the "basic" application 

cases/techniques 

-Design of the system 

-Selection of alternative cases 

-Final technical conclusions 

Based on the above analysis, for the best area 
selected, a Feasibility Study will be performed to 
analyze three components: energy supply, 

environmental impact and financial aspects, and 
to suggest the best solution of the innovative 
geothermal energy utilization technology 

applications in that area. 
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6. PRELIMINARY COST FOR THE INVESTMENT 

Cost estimation is carried out only for the first phases, to realize investment step by step: 


No 

Object 

Cost, 
in USD 

1 

Reconstruction of heating and thermal baths 

50 000 

2 

Construction of two thermal water unit equipment’s 

80 000 


Construction of green houses, 2 * surface 3 000 m 2 

240 000 

4 

Construction of new SPA Clinic and for new hotel 
building), (****) 

2 200 000 

5 

Feasibility study and project idea 

53 000 

9 

Other Expenditures 

20 000 

10 

Overhead rate 

15 000 


TOTAL exc. VAT 

2 418 000 


7. ECONOMICAL-FINANCIAL EVALUATIONS 
HOTEL-SPA, First Phase: 25 bed rooms, 40 beds. 

Currency: USD Inflation rate: 3.5% 


Table 1 


Economic bases 



Years 




1st 

2nd 

3rd 

4th 

5th 

8 . Number of rooms ( 1 ) 

25 

25 

25 

25 

25 

9. Number of beds 

40 

40 

40 

40 

40 

10. Days of operation 

280 

280 

280 

290 

290 

1 1 . Food&beverages-facilities 

280 

280 

280 

290 

290 

12. Guest structure and room price 

13. Average room occupancy 

100% 

100% 

100% 

100% 

100% 

14. Average room price 

72 

74 

75 

75 

75 


50 

50 

55 

55 

60 


2) Hotel has 15 doubles rooms and 10 single 
rooms 

Rata: Single room 50 USD; Double room 70 
USD (Include VAT) (Present room’s rate in 
* * * Hotels in T irana) 

Supplementary facilities : 

8. Outdoor-indoor thermal & swimming pool 


9. Ball sports (tennis, volleyball, basketball) 

10. Recreation (sauna, Turkish bath, solarium) 

1 1 . Fitness Center with aerobic 

12. Restaurant, bar 

13. Meeting room 

14. Others (rent a car, coiffeur, boutiques) 
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Table 2 

FINANCIAL BASES 


Proceeds 

% 

Years 



1st 

2nd 

3rd 

4th 

5th 

1 . Room Rental 

71 






(without breakfast) 







number of rooms 


25 

25 

25 

25 

25 

*day of operation 


280 

280 

280 

290 

290 

=max. room overnight 


7 000 

7 000 

7 000 

7 250 

7 250 

* average room occupancy 


72% 

74% 

75% 

75% 

75% 

=number of room overnight 


5 040 

5 180 

5 250 

5 438 

5438 

* average room price 


50 

50 

55 

55 

60 

=arrangement (without f&b) 


252 000 

259 000 

288 750 

299 090 

326 280 

2.Food&beverage 

a) Full Pension 

26 

100% 

100% 

100% 

100% 

100% 

Number of consumptions 


7 056 

7 252 

7 350 

7 612 

7 612 

*Proceeds/guest 


10 

10 

11 

11 

12 

=full pension 


70 560 

72 520 

80 850 

80 850 

80 850 

b)Beverages 

-full pension (full pens. * 3) 


21 168 

21 756 

22 050 

22 836 

22 836 

Total revenues F&B 


91 728 

94 276 

102 900 

106 568 

114 180 

2 . F ood &be verage 

b) Full Pension 

26 

100% 

100% 

100% 

100% 

100% 

Number of consumptions 


7 056 

7 252 

7 350 

7 612 

7 612 

*Proceeds/guest 


10 

10 

11 

11 

12 

=full pension 


70 560 

72 520 

80 850 

80 850 

80 850 

b)Beverages 

-full pension (full pens. * 3) 


21 168 

21 756 

22 050 

22 836 

22 836 

Total revenues F&B 


91 728 

94 276 

102 900 

106 568 

114 180 

3. Telephone revenues 

4. Shopping revenues 

5. Other revenues for rental 

3 

10311 

10 560 

11 750 

12 170 

13 214 

TOTAL REVENUES 


354 040 

363 874 

403 399 

417 828 

458 674 








OPERATING EXPENSES 







1. Personnel Expenses 

28. 

37 

37 

37 

37 

37 

number of employed 
Year’s salary per employed 

1 

1 440 

1 4040 

1 560 

1 560 

1 620 

Personnel Salary 


36 000 

36 000 

39 000 

39 000 

40 500 

Insurance 


13 500 

13 500 

14 625 

14 625 

15 187 

Personnel Expenses 


67 500 

67 500 

72 345 

72 345 

75 127 

2. Cost of goods sold 

19. 

1 

45 864 

47 138 

51 450 

53 284 

57 090 

3. F&B for the personnel 

13 

31 500 

31 500 

32 625 

32 625 

32 625 

(3 USD/day) 







4. Direct expenses 
Phone+fax; laundry+cleaning 

3 

7 080 

7 277 

8 068 

8 356 

9 073 

5. Indirect Expenses 

11. 






- energy, water 

9 
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Maintenance 
Small wares 
Travel expenses 
Insurance 
Advertising 

Marketing+Management 
Office material 
Bensol 
Transport 

TOTAL 


28 677 

29 474 

32 675 

33 844 

37 152 

VAT, 20% 


59 511 

61 164 

67 969 

70 402 

77 565 

TOTAL OPERATING EXPENSES 


240 132 

244 053 

265 132 

270 856 

288 632 








GROSS OPERATING PROFIT 


113 908 

119 821 

138 267 

146 972 

170 042 


Table 3 

REPAYMENT OF THE CREDIT 


Moderate credit 1 300 000 USD 
Interest: 3% 

Repayment period 15 years 


Financial bases 

Years 

1st 

2nd 

3rd 

4th 

5th 

GROSS OPERATING 
PROFIT 

113 908 

119 821 

138 267 

146 972 

170 042 

Interest 



39 000 

39 000 

39 000 

Credit repayment 

101 908 

104 821 

83 095 

89 972 

112 042 

Cumulating credit 
repayment 

101 908 

206 729 

289 824 

379 796 

491 838 

Cash flow 

12 000 

15 000 

17 300 

18 000 

19 000 


Financial bases 

Years 

6th 

7th 

8th 

9th 

10th 

GROSS OPERATING 
PROFIT 

170 042 

170 042 

170 042 

170 042 

170 042 

Interest 

39 000 

39 000 

39 000 

39 000 

39 000 

Credit repayment 

112 042 

112 042 

112 042 

112 042 

112 042 

Cumulating credit 
repayment 

603 880 

715 922 

827 964 

940 006 

1 052 048 

Cash flow 

19 000 

19 000 

19 000 

19 000 

19 000 


Financial bases 

Years 

11th 

12th 

13 th 

14th 

15 th 

GROSS OPERATING 
PROFIT 

170 042 

170 042 

170 042 

170 042 

170 042 

Interest 

39 000 

39 000 

39 000 



Credit repayment 

112 042 

112 042 

23 868 



Cumulating credit 
repayment 

1 164 090 

1 276 132 

1 300 000 



Cash flow 

19 000 

19 000 

19 000 

170 042 

170 042 


payback is 13 years for one hotel-SPA for first their phase , 40 beds (25 rooms ), for one moderate credit 
of 1 300 000 US. 
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8. GATHERING INFORMATION 
MATERIAL AND KNOWLEDGE 
DISSEMINATION IT IS VERY 
IMPORTANT ELEMENT OF 
UTILIZATION OF GEOTHERMAL 
ENERGY 

Task 1 

Information material concerning the general 
principles of geothermal application and new 
technologies will be gathered and created. An 
information booklet and posters will be 
published and distributed to possible users. 

Task 2. Establishment of communication 
channels with local users 

Communication with local authorities will take 
place in order to find the end users, especially 
those capable of installing geothermal 
applications. Direct personal contacts with end 
users will also take place. 

The investigators will implement this study by 
answering and focusing on the solution of the 
following questions: 

The selection of the most suitable utilization plan 
according to the actual applications of the new 
technologies in question, the energy 
conservation, the desired transfer of the 
innovative technology to country, the probable 
users intentions and the existing heating 
consumption needs of the planned innovative 
applications. 

The investigation of any probable environmental 
impact and the selection of the most suitable 
method for the disposal of the geothermal fluids 
to avoid possible environmental problems. 

The selection of the best possible network for the 
geothermal fluid transport to ensure the 
violability of the utilization carrier, a single 
disposition price and the disposition of 
considerable quantities of energy (converted in 
TOE-s). 

Task 3. 

-To creates ready for use permanent educational 
and informative structures. 

-To provide a useful tool for the education and 
information of geothermal energy end users 


- For further dissemination of the results of this 
projects will organize days of open conferences. 
Workshops, seminars, TV and radio-emissions, 
pamphlets, posters, and summer school will 
organize. .In parallel, the strategies presented for 
the geothermal energy exploitation will be 
announced and criticized during these activities. 
The participant will originate from the public 
sector, user's, associations, Technical Chambers, 
higher educational institutes etc. Finally, material 
from Phase C will be also forwarded to the 
public authorities that are responsible for the 
awareness of users and therefore in close contact 
with them. 

-To introduce, via an attractive method, the 
concepts of geothermal energy utilization and 
new technology transfer in the third level 
education 

9. SIGNIFICANCE OF THE PROJECT 
PROPOSAL AND ITS EXPECTED 
ACHIEVEMENTS 

The project proposal has great importance for 
Albania: 

Firstly, it creates the scientific knowledge base 
for evaluation of natural wealth of geothermal 
energy and mineral waters in Albania. These 
data will be used to evaluate and select the rich 
areas in country. In these areas it is possible to 
start the investment for complex exploitation of 
geothermal energy and mineral water resources 

Secondly, transfer of new methods for R&D and 
evaluation of geothermal water resources, 
modem technologies and unit equipment for 
thermal waters exploitation in Albania. 

Thirdly, a technical and organizing base for 
modem hotel SPA constmction will be created. 

Thermal and mineral water springs, usually, are 
located in coastal or very beautiful mountainous 
regions of the Albania. The tourism will be 
developed. Thermal waters of low enthalpy will 
be used for the heating of green houses and SPA 
hotels and tourist villages near the springs. 
Extraction of chemical micro- elements as 
Iodine, Bromine, Borax, various natural salts 
from thermal and mineral waters, C0 2 and H 2 S 
gas, will be achieved by installing the necessary 
equipment. Drinking-mineral water installations 
will be constmcted. This development will create 
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new working posts and will ameliorate the life 
conditions and level for habitants in thermal and 
mineral water spring areas. 

Fourthly, new modem studying technologies will 
be disseminated in scientific and business 
community of country. 

Fifthly, Environmental protection and preserving 
level will be improved, to well assist the echo- 
system protection of thermal and mineral water 
source areas. 


10 .WORK PROGRAMME 
Methodology 

This project must be implemented during the 3 
years period, by the integration of the following 
phases: 

FIRST PHASE. 

The project must be realized using a complex of 
modem methods according to the objectives: 

1. Complex and integrated study of all 
geothermal data on resources of geothermal 
energy in Albania: 

• Integrated geothermal, hydrogeological, 
hydrochemical surveys in the sources and wells 
of geothermal energy. 

• Mathematical modeling for calculation of 
potential of geothermal energy in Albania, as 
well as for the study of reservoirs. 

• Geothermal and mineral water resources 
detailed feasibility study will be carried out in 
geothermal area. Project idea will be compiled, 
too. 

• Technical projects will be compiled for 
investments in more perspective areas. 

6 months 

SECOND PHASE. 1. Constmction of thermal 
water unit equipment in geothermal 
springs and wells. 

2. Heating system, the thermal water unit 
equipment and 

baths must be reconstmcted in existing Hotels 
SPA. After second phase, all year SPA 


frequenting will realize. During the winter there 
are more demands for the medical treatment. 
Good conditions in the SPA will help to have 
patient numbers increasing. 

2. Green house, up to 3000 m 2 surface, must be 
constructed in the territory of thermal 
springs and wells 


THIRTY PHASE: New Hotels-Clinic SPA 
hotel construction of (****) in geothermal 
areas. For the first time, the SPA Clinic and the 
hotel will have two or three floors, with the 
possibilities to build and 2 or three other floors 
in the future. In the ground floor will be located 
the restaurant, bar, medical clinic and thermal 
baths. Bedrooms will be located in the first and 
second floors. Thermal swimming pool will 
construct in the ground floor or in the yard. 

24 months 

FOUR PHASE: 1. Unit equipment for the 

extraction of chemical microelements 

and salts, C0 2 and H 2 S gas will be designed and 

installed. 

2. Unit equipment and collector for treatment 
and clearing the thermal water before their 
outflow will be designed and installed, to protect 
echo-system of the area. 

3. Promotion and tourist agency will be 
organized. Put in full efficiency of all complex of 
the SPA will be completed. 

10 months 

11. CONCLUSIONS 

In Albania, there are several geothermal energy 
sources that can be used. 

Such geothermal energy sources are natural 
thermal water springs and deep wells with a 
temperature of up to 65.5°C. Deep abandoned 
oil wells can be used as “Vertical Earth Heat 
Probe”. 

The integrated and cascade use of geothermal 
energy in the Albania must start as soon as 
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possible, in the framework of a joint or separate 
project. 
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DIPOLE - DIPOLE ARRAY CONFIGURATION IN THE FRAMEWORK OF THE 

RECIPROCITY PRINCIPLE 
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1 Polytechnic University of Tirana, Albania 

2 Institute of Informatics and Applied Mathematics, Tirana, Albania 

Abstract 

In the paper it is discussed the change of configuration of IP and resistivity anomalies for dipole- 
dipole and pole-dipole arrays. The analysis is done based on results of 2D and 3D mathematical 
modeling carried out successfully in the framework of scientific research of QUANTEC 
GEOSCIENCE Ltd., Toronto, Ontario, Canada, and of physical modeling done in the 
Geophysical Laboratory "Ligor Lubonja" of the Faculty of Geology and Mining, Polytechnic 
University of Tirana. 

Key words: dipole-dipole survey configuration, Reciprocity Principle, IP anomaly, Apparent 
resistivity anomaly. 


Introduction 

In the practice of electrical prospecting are employed various array configurations. The location 
of the current and potential electrodes is defined from the geological tasks to be solved. The 
Dipole - Dipole array is one of the most common arrays in mineral exploration. This is 
considered a symmetrical array in terms of the principle of reciprocity, so when the current 
electrodes are respectively switched with potential electrodes the same responses in IP and 
resistivity values are observed. However, our recent mathematical models indicate some 
distortions of the reciprocity principle in IP/Resistivity responses with a Dipole - Dipole array. 
This can lead to inaccurate target location and negative drilling results. 

Presentation of Problem 

The well-known reciprocity principle stands on the basis of many array configurations in 
electrical prospecting like Pole - Pole, Dipole - Dipole, Schlumberger, Wenner etc (Keller, G., V. 
and Frischknecht, F., C.,1970, Zabarovsky A. 1963, I., Frasheri, A., et al. 1985). “According to 
the theorem of the reciprocity, no changes will be observed in the measured voltage if the role of 
measuring electrodes and of the current electrodes are interchanges. Reciprocity can be readily 
confirmed for an electrode array over a homogeneous earth” (Keller, G., V. and Frischknecht, F., 
C.,1970). 

There is another problem for heterogeneous mediums. Zabarovsky, A.I. (1963) shows that if a 
body A has received an electrical charge Qa, a body M will have a potential Um related with the 
charge Qa following the equation: 


1 
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U M & \m *Qa 

where a AM is a coefficient dependant on the shape of bodies A and M, their reciprocal position 
and the boundaries of heterogeneity. If the reversed operation would take place, i.e. the body M 
to receive electrical charges of Qm then the potential Ua of the body A would be: 

U A = ^MA *Qm 


" In electrostatic phenomena science it is shown that a AM = a MA . If this equality is true, then 
Qm=Qa and as consequence U M =U A . Translating this result in the language of electrodynamics, 
one may say that the potential of electrode M created by the effect of the electrode A would be 
equal to the potential of the electrode A, if the currents would be emitted in ground by the 
electrode M, with the condition that the product I * p remains the same". On this basis he 
concluded that the principle of reciprocity is valid for heterogeneous mediums as well. 

This conclusion is true for some arrays used for electrical surveys of apparent resistivity 
methods. Four electrodes Schlumberger array AMNB is reciprocal with the array MABN, pole- 
pole array C1P1 is reciprocal with P1C1. The pole-dipole array P1P2C1 is reciprocal with C1C2P1 
(Frasheri, A. et al. 1985). But these reciprocities of current and receiving electrodes are not 
equivalent with the change of positions of couples of electrodes during profiling, in the relation 
to the heterogeneity. The pole-dipole array C1P2P1 is not reciprocal with the P1P2C1. The pole- 
dipole array is known as an asymmetric array. The same is for the dipole-dipole array C1C2P1P2 
relative to P1P2C1C2. All this is connected with the well-known fact that pole-dipole and dipole- 
dipole arrays give asymmetrical anomalies for the apparent resistivity. 

These changes are more evident in IP surveys. In several field surveys some asymmetrical 
responses are observed with a Dipole - Dipole array (C1C2P1P2 versus P1P2C1C2) in both IP and 
resistivity measurements. To further investigate this phenomenon some mathematical models 
were carried out with a program of finite element method (Frasheri A. and Frasheri N. 2000). 

This analysis was initiated because of the fact that, in daily practices of geoelectrical surveys 
using dipole-dipole profiling a little attention is shown towards the evaluation of anomaly 
configuration depending on the position of couples of current and receiving electrodes. In many 
publications with the results of modeling and of inversion, the position of electrodes on 
surveying line is not shown (Dey, A., and Morrison, H. F., 1979, Tsourlos, P.I., et al., 1998, 
Tsourlos, P. I. and Ogilvy, R. D. 1999). This has consequences in the results of interpretation 
relative to spatial position of exciting bodies. 


Mathematical modeling of the IP effect have based on the Bleil formulae [Bleil D., 1953; Seigel 
H.O., 1959]: 


U IP = c xj V [/ 

V 


rn 


xdv 


\RJ 


( 1 ) 


Where: Ui P is the IP potential; 

R is the distance vector from the integration point to the receiving point; 
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VU is the potential gradient of the primary electrical field, calculated by solving 
the finite element model. 

To achieve the mathematical modeling and the inversion of IP data, we have used the evaluation 
of Komarov V.A., which is expressed with the formulae [Komarov V.A., 1972]: 

C(Uo+Uip)=CUo (2) 

where: Uo is the potential of the field of primary electrical currents, 

Uip is the potential of the field of induced polarization, 

C is the IP susceptibility. 

Based on mathematical modeling of IP anomal field, there is a formal similarity of the 
polarizable medium and the increasing of electrical specific resistivity of this medium as 
proposed by [Komarov V.A., 1972] and used by many other authors (Avdeevic M.M., Fokin 
A.F., Frasheri A. 1989, Frasheri et al 1994, Frasheri A., Frasheri N. 2000, Hmelevskoj V.K., 
Shevshin V.A. 1994, Tsourlos P.I., Szymanski J.E., Tsokas G.N., 1998, Tsourlos P.I., Ogilvy 
R.D., 1999): 


y*=y(l -m) 


or p *=- 


y(l - m) 


(3) 


where: y *, p * are fictive electrical conductivity and resistivity, considering the polarizability 
as well, 

y is electrical conductivity 

m is IP chargeability 

Consequently, induced polarization is considered as linear phenomenon. 


For 3D modeling of IP effect from targets with massive texture in homogeneous medium we 
have transformed the Bleil formulae, using Green’s formulae (Frasheri N. 1983, Frasheri A., 
Frasheri N. 2000): 




(dU\ 


\dn ) 


yds 


(4) 


Where: R is the distance vector from the integration point to the measurement point; 

dU/dn is the gradient of the primary electrical potential on the boundary S of the target. 

Ne figuren 1 tregohet rezultati i nje modelimi matematik te PP, te realizuar me anen e metodes 
se elementeve te fundme, i krahasuar me anomaline e vrojtuar ne terren. 

With the same method of finite elements, simultaneously with the IP effect, the apparent 
resistivity is calculated as well. 

Ne fig. 2 jepet krahasimi i anomalise se llagaritur me programin e mesiperm dhe asaj teorike si 
edhe anomalise se vrojtuar ne modelime fizike. Nga te dy ket raste konstatohet se saktesia e 
modelimit matemiatik eshte e mire. 
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Konceptimi i IP si fenomen linear, ka sjelle qw ne modelimet mathematike, IP anomalite e 
kalkuluara te ndryshojne nga ato te rezistences (fig. 3) Ne keto sections konstatohet se: 

- Skaji i siperm i anomalive perputhet mire me skajin e sipert te target e polarizueshem, 

IP Anomaly mbetet e hapur drejt thellesise edhe nen skajin e poshtem te target. Ne ndryshim 
nga kjo, anomalia e rezistences se dukshme mbyllet nen nivelin e trupit. Te njejtin fenomen 
ka verejtur edhe Komarov V.A. (1972) ne IP Vertical Sounding. 

Numerical results for different models 

Figs. 4 and 5 present the mathematical model results of IP and resistivity responses with dipole- 
dipole profiling. Two anomalies are observed in both parameters. Considering the reference 
plotting point in between the potential electrodes Pi and P 2 , one of the anomalies is obtained over 
the prism while the second one at a distance O 1 O 2 , between the centers of the current and 
potential dipoles. This presentation is conditioned on the distribution of the electrical field of the 
dipole - dipole array. Because a mirror image is missing in the center of the profiles, especially 
for IP, it means that C 1 C 2 P 1 P 2 array responses are not equivalent with P 1 P 2 C 1 C 2 , or in 
mathematical terms, the principle of reciprocity is not strictly met. Keller, G., V. (1970) also 
presents the same phenomenon for the apparent resistivity. 

In pseudosection presentation, where the plotting point is located at the intersection of lines 
coming at 45° from midpoints between C 1 C 2 and P 1 P 2 , these anomalies are located in both sides 
of the prism (Figs. 6, 7, 8, 9). For the resistivity parameter this location is almost symmetrical in 
shape and amplitude, for the vertical target (Fig. 6). The symmetry is perfect in cases when the 
thickness of the prism is equal or greater than the dipole spacing “a”, and becomes poor for 
thinner prisms (Fig. 9). 

Alternatively, the IP anomalies are asymmetrical even in cases of vertical prisms (Fig. 6 and 9). 
In such cases, the epicenter of the most intensive anomaly is displaced on the side of current 
dipole C 1 C 2 . For shallow inclined prisms, the epicenters of both IP and resistivity anomalies are 
displaced on the opposite side of the dip. In cases of deep inclined prisms, the displacement is in 
the dip direction, providing that this is in the direction of the current electrodes (Fig.3). 

The configuration of the IP/Resistivity anomaly is also dependent on the dip angle amplitude, 
relative to the current electrodes location. 

The amplitude and the asymmetry of IP anomaly depend on the orientation of the polarizing 
vector of the primary field in connection with the prism location. In fig. 10 is presented the 
electric polarizing field distribution for the gradient array and dipole-dipole array. The great 
difference between distribution of the electric field in both cases, very well express the changes 
of the IP anomaly configuration for gradient and dipole-dipole array. In Fig. 1 1 is presented the 
changes of the anomaly configuration in the dependence of the location of the target, in relation 
with the current electrodes. 

The same configuration of IP and resistivity anomalies is observed by physical modeling. 
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Anomalous tableau becomes more complicated when several exciting bodies are located under 
the surveying line. It is sufficient that the distance between two bodies to be less than 0.5 of their 
extension in depth, that over these bodies a single anomaly is received, being too wide and with 
the epicenter over the space between bodies (Fig. 12, 13). Such situation does not permit a 
correct interpretation of the anomaly during the inversion process. In opposite, in the real section 
with multiple gradient array, two separate anomalies are observed (Fig. 14). 

Asymmetrical IP and resistivity anomalies, in dependence of the location of current and 
potential dipoles in relation with the target, shows that the lack of orientation in the current and 
potential electrodes is not always without problems in manual or inversion interpretations of the 
IP/Resistivity data surveyed with a dipole-dipole array. 

Conclusions 

1. The anomaly configuration in an IP/Resistivity survey with a dipole-dipole array is 
dependent on the location of the current and potential electrodes in connection to target. In 
this regard, logistical information about the survey should include the array orientation (left- 
array or right-array). The position of the array must be shown in plots and pseudosections. 
During the profiling, it is necessary to keep the same configuration of current and receiving 
dipoles. 

2. The results of the survey should be interpreted accordingly the array orientation in the survey 
line, in order to define the placement of exciting bodies, the direction of its inclination and 
the its depth. The same recommendation is valid for the process of inversion. 

3. Profiling with dipole-dipole arrays has smaller discriminative capability for IP surveys, 
compared with other arrays as the gradient array. 
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LIST OF CAPTIONS 

Fig. 1. A finite element section of IP an irregular body over a rugged relief. 

Fig. 2. IP profiling over a prism: Theoretical, calculated and physical modeling. 

Fig. 3. IP and Ro Realsections with multiple gradient arrays. Mathematical model. 

Model: horizontal prism at depth 2 Dx, dimensions of the prism 1 x 1 x 20 Dx. Prism 
Resistivity 2 000 Ohmm, IP Chargeability 100 mV/V, Environment Resistivity 1 000 
Ohmm , IP Chargeability 1 mV/V. 

Fig. 4. IP and Resistivity mathematical modeling. Dipole-dipole profiling, CiC 2 -PiP 2 =l Dx, 
n=16 Dx. 

Model: 2D horizontal prism at depth 5 Dx, dimensions of the prism section 2x2 Dx. 
Resistivity of the prism 1 Ohmm, IP Chargeability 500 mV/V, Resistivity of the 
environment 1 000 Ohmm, IP Chargeability of the environment 0.01 mV/V. 
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Fig. 5. IP and Resistivity mathematical modeling. Dipole-dipole profiling. CiC 2-P1P2=2 Dx, 
n=l-10 Dx. 

Model: 2D vertical prism at depth 1 Dx, dimensions of the prism section 2x9 Dx. 
Resistivity of the prism 20 000 Ohmm, IP Chargeability 500 mV/V, Resistivity of the 
environment 1 000 Ohmm, IP Chargeability of the environment 0.01 mV/V. 

Fig. 6. IP and Resistivity Pseudosection with dipole-dipole array. CiC 2 -PiP 2 =l Dx, n=l-ll Dx. 
Mathematical model: 2D vertical prism at depth 2 Dx, dimensions of the prism section 
1x2 Dx. Resistivity of the prism 1 Ohmm, IP Chargeability 300 mV/V, Resistivity of 
the environment 100 Ohmm, IP Chargeability of the environment 0.01 mV/V. 

Fig. 7. IP and Resistivity Pseudosection with dipole-dipole array, CiC 2 -PiP 2 =l Dx, n=l-ll Dx. 
Mathematical model: 2D inclined prism at depth 2 Dx, dimensions of the prism section 
1x2 Dx. Resistivity of the prism 1 Ohmm, IP Chargeability 300 mV/V, Resistivity of 
the environment 100 Ohmm, IP Chargeability of the environment 0.01 mV/V. 

Fig. 8. IP and Resistivity Pseudosection with dipole-dipole array, P 1 P 2 -C 1 C 2 U Dx, n=l-ll Dx. 
Mathematical model: 2D inclined prism at depth 2 Dx, dimensions of the prism section 
1x2 Dx. Resistivity of the prism 1 Ohmm, IP Chargeability 300 mV/V, Resistivity of 
the environment 100 Ohmm, IP Chargeability of the environment 0.01 mV/V. 

Fig. 9. IP and Resistivity Pseudosection witj dipole-dipole array, CiC 2 -PiP 2 =l Dx, n=l-ll Dx. 
Mathematical model: 2D vertical prism at depth 1 Dx, dimensions of the prism section 
4 x 50 Dx. Resistivity of the prism 3 Ohmm, IP Chargeability 50 mV/V, Resistivity of 
the environment 1 000 Ohmm, IP Chargeability of the environment 0.01 mV/V. 

Fig. 10. Realsection of the potential of polarizing electric field (Uo) of transmitting gradient 
array. AB max = 30 Dx (a) and of transmitting dipole C 1 C 2 = 1 Dx. 

Mathematical model: Vertical prism. Dimensions of the prism 2 x 30 x 20 Dx, Resistivity 
of the prism 20 000 Ohmm, Resistivity of the environment 1 000 Ohmm. 

Fig. 11. Dependence of IP anomalies configuration from location of the target. 

Mathematical model: Vertical prism. 

Fig. 12. IP Realsection with multiple gradient arrays. 

IP contour interval 2 mV/V. 

Mathematical Model: Two parallel inclined prisms (dip=70°) at depth 5 Dx, dimensions 
of the prisms 1 x 20 x 20 Dx. Distance between the prisms 10 Dx, Prisms Resistivity 
2 000 Ohmm, IP Chargeability 500 mV/V, Environment Resistivity 500 Ohmm , IP 
Chargeability 1 mV/V. 

Fig. 13. IP Pseudosection with dipole-dipole array, CiC 2 =PiP 2 =l Dx, n=l-39. 

Mathematical Model: Two parallel inclined prisms (dip=70°) at depth 5 Dx, dimensions 
of the prisms 1 x 20 x 20 Dx. Distance between the prisms 10 Dx, Prisms Resistivity 2 
000 Ohmm, IP Chargeability 500 mV/V, Environment Resistivity 500 Ohmm , IP 
Chargeability 0.01 mV/V. 

Fig. 14. IP Pseudosection with dipole-dipole array, PiP 2 =CiC 2 =l Dx, n=l-39. 

Mathematical Model: Two parallel inclined prisms (dip=70°) at depth 5 Dx, dimensions 
of the prisms 1 x 20 x 20 Dx. Distance between the prisms 10 Dx, Prisms Resistivity 2 
000 Ohmm, IP Chargeability 500 mV/V, Environment Resistivity 500 Ohmm , IP 
Chargeability 0.01 mV/V. 
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Fig. 1 . A finite element section of IP an irregular body over a rugged relief. 
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Fig. 2. IP profiling over a prism: Theoretical, calculated and physical modeling. 
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Fig. 3. IP and Ro Realsections with multiple gradient arrays. Mathematical model. 

Model: horizontal prism at depth 2 Dx, dimensions of the prism 1 x 1 x 20 Dx. Prism 
Resistivity 2 000 Ohmm, IP Chargeability 100 mV/V, Environment Resistivity 1 000 
Ohmm , IP Chargeability 1 mV/V. 
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Reference point: Middle of P1P2 



Fig. 4. IP and Resistivity mathematical modeling. Dipole-dipole profiling, CiC 2 -PiP 2 =l Dx, 
n=16 Dx. 

Model: 2D horizontal prism at depth 5 Dx, dimensions of the prism section 2x2 Dx. 
Resistivity of the prism 1 Ohmm, IP Chargeability 500 mV/V, Resistivity of the 
environment 1 000 Ohmm, IP Chargeability of the environment 0.01 mV/V. 
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2D MATHEMATICAL MODELING 
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Model: Target- 2D Vertical prism at depth 1 Dx 

Dimensions of the section of the prism: 2 x 9 Dx 
Resistivity of the prism: 20 000 Ohmm 
IP Chargeability of the prism: 500 mVA/ 
Resistivity of the environment: 1000 Ohmm 
IP Chargeability of the environment: 0.01 mVA/ 


Fig. 5. IP and Resistivity mathematical modeling. Dipole-dipole profiling. CiC 2-P1P2=2 Dx, 
n=l-10 Dx. 

Model: 2D vertical prism at depth 1 Dx, dimensions of the prism section 2x9 Dx. 
Resistivity of the prism 20 000 Ohmm, IP Chargeability 500 mV/V, Resistivity of the 
environment 1 000 Ohmm, IP Chargeability of the environment 0.01 mV/V. 
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Fig. 6. IP and Resistivity Pseudosection with dipole-dipole array. CiC 2 -PiP 2 =l Dx, n=l-ll Dx. 
Mathematical model: 2D vertical prism at depth 2 Dx, dimensions of the prism section 
1x2 Dx. Resistivity of the prism 1 Ohmm, IP Chargeability 300 mV/V, Resistivity of 
the environment 100 Ohmm, IP Chargeability of the environment 0.01 mV/V. 
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Fig. 7. IP and Resistivity Pseudosection with dipole-dipole array, CiC 2 -PiP 2 =l Dx, n=l-ll Dx. 
Mathematical model: 2D inclined prism at depth 2 Dx, dimensions of the prism section 
1x2 Dx. Resistivity of the prism 1 Ohmm, IP Chargeability 300 mV/V, Resistivity of 
the environment 100 Ohmm, IP Chargeability of the environment 0.01 mV/V. 
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Fig. 8. IP and Resistivity Pseudosection with dipole-dipole array, PiP 2 -CiC 2 =l Dx, n=l-ll Dx. 
Mathematical model: 2D inclined prism at depth 2 Dx, dimensions of the prism section 
1x2 Dx. Resistivity of the prism 1 Ohmm, IP Chargeability 300 mV/V, Resistivity of 
the environment 100 Ohmm, IP Chargeability of the environment 0.01 mV/V. 


14 



246 


IP CHARGEABILITY (mVA/) 


0.00 


IP PSEUDOSECTION 


-15.00C1C2 -10.00 PI P2 -5.00 0.00 5.00 10.00 15.00 Dx 


x 

t 


-5.00 


\ 







-15.00 

-10.00 

-5.00 

0.00 

5.00 

loioo 

15.00 


RESISTIVITY PSEUDOSECTION 



15.00 

13.00 

11.00 

9.00 

7.00 

5.00 

3.00 

1.00 
- 1.00 

RESISTIVITY (Ohmm) 


1400.00 

1200.00 

1000.00 

800.00 


600.00 

400.00 

200.00 
0.00 


Fig. 9. IP and Resistivity Pseudosection witj dipole-dipole array, CiC 2 -PiP 2 =l Dx, n=l-ll Dx. 
Mathematical model: 2D vertical prism at depth 1 Dx, dimensions of the prism section 
4 x 50 Dx. Resistivity of the prism 3 Ohmm, IP Chargeability 50 mV/V, Resistivity of 
the environment 1 000 Ohmm, IP Chargeability of the environment 0.01 mV/V. 


15 


247 


2D RESISTIVITY MATHEMATICAL MODELING 
REAL - SECTION OF THE POTENTIAL OF POLARIZING 
ELECTRIC FIELD (Uo) 


TRANSMITTING GRADIENT ARRAY AB = 30 Dx 


Uopote"tiaK'nV} 


WUI f f 

$ 

f 

s 

§ 

B 

I 

% 

9 

• ilj_ [ \ \WM 

% 

s 

& 




1 



•iow -ew o.» §. » tow 


Eri 11 Ml» 

= : IWKlW 

■ flW.W 
3 ™.DO 
a » M.DO 

S -soa.ee 

■ 

■ liKhOG 


- i « J » 

■Mew 

-wow 

-BMW 

- hm .® 

■ imo / m - 

-ura.w 


TRAMS WITTING DIPOLE-DIPOLE C1C2= 1 DX 

Lki (EtnM |nV> 


fl 


1 «W 

HAW 

i«w 

1 MW 

umm 




20.00 

0.00 

- 20.00 

^ 0.00 


I 


- 160.00 

- 180.00 

-200.00 



MoOeh Vertical dike 

Dimensions of the dike : 2 Djt x 30 Dx x 20 Dx 
Resi^tmty of the dike: 2WQ0 Oh mm 
Resisith^ty of the envifonmefil; ICdO Ohmm 


Fig. 10. Realsection of the potential of polarizing electric field (Uo) of transmitting gradient 
array. AB max = 30 Dx (a) and of transmitting dipole C 1 C 2 = 1 Dx. 

Mathematical model: Vertical prism. Dimensions of the prism 2 x 30 x 20 Dx, Resistivity 
of the prism 20 000 Ohmm, Resistivity of the environment 1 000 Ohmm. 
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Fig. 11. Dependence of IP anomalies configuration from location of the target. 
Mathematical model: Vertical prism. 
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3D IP MATHEMATICAL MODEL M52S 
IP REAL&ECTION WITH GRADIENT ARRAYS 

-15.GQ lDOft -5.DQ 0.00 5.00 IQjQO 15.00 D* 

0.00 ■ 



4.00 


MODEL: TwpsmJIal indnsd prisms (dip 70a) nl drspth 5 Ox. 
Dimwisiona of each prtsm: 2 x 20 x 20 Da 
Distance bctwran prisms 10 Dx 

RfeiiSilvtEy df 'Jri prisms. 3D0Q Ohrrm 

R&s-stl¥ft¥ orf environment 500 Otornm 
crare*Bb- tv oP ihtf prisms: 2 DO 
Chargeabd fy of lbs envirTMWTwnl: 1 mV/V 


PfCfl. Df 4 . Frfieheri 
ftul. Of W.fnahert 
Ajj» 1,2001 


Fig. 12. IP Realsection with multiple gradient arrays. 

IP contour interval 2 mV/V. 

Mathematical Model: Two parallel inclined prisms (dip=70°) at depth 5 Dx, dimensions 
of the prisms 1 x 20 x 20 Dx. Distance between the prisms 10 Dx, Prisms Resistivity 
2 000 Ohmm, IP Chargeability 500 mV/V, Environment Resistivity 500 Ohmm , IP 
Chargeability 1 mV/V. 
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3D IP MATHEMATICAL MODEL Dip8-A2 

IP PSEUDOSECTION WITH DIPOLE-DIPOLE ARRAY 

C1C2 = P1P2 = 1 Dx n=1-39 
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Fig. 13. IP Pseudosection with dipole-dipole array, CiC 2 =PiP 2 =l Dx, n=l-39. 

Mathematical Model: Two parallel inclined prisms (dip=70°) at depth 5 Dx, dimensions 
of the prisms 1 x 20 x 20 Dx. Distance between the prisms 10 Dx, Prisms Resistivity 2 
000 Ohmm, IP Chargeability 500 mV/V, Environment Resistivity 500 Ohmm , IP 
Chargeability 0.01 mV/V. 
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3D IP MATHEMATICAL MODEL Dip&-b2 

IP PSEUDOSECTION WITH DIPOLE-DIPOLE ARRAY 

P1P2 = C1C2 = 1 Dx ns 1 -36 
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Fig. 14. IP Pseudosection with dipole-dipole array, PiP 2 =CiC 2 =l Dx, n=l-39. 

Mathematical Model: Two parallel inclined prisms (dip=70°) at depth 5 Dx, dimensions 
of the prisms 1 x 20 x 20 Dx. Distance between the prisms 10 Dx, Prisms Resistivity 2 
000 Ohmm, IP Chargeability 500 mV/V, Environment Resistivity 500 Ohmm , IP 
Chargeability 0.01 mV/V. 
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Abstract: Survey results for the distribution of self -potential field over the oil reservoirs in Albania are presented. Self- 
potential surveys have been performed in the framework of the integrated geophysical- geochemical experimental investi- 
gation for a direct oil and gas exploration. Relations between self-potential anomalies and hydrocarbon migration chimney are 
arguments in a particular paragraph. It is observed that hydrocarbon migration chimney has caused a multi- elements 
geochemical anomaly and integrated geophysical ones. 3D modeling results of the self -potential field distribution in oil 
reservoir located at different depths are analyzed also. 


Key words: Direct Hydrocarbon Exploration, Hydrocarbon Migration Chimney, Self -potential Anomalies, Vertical SP 
gradient. 


METHODS 


Electric self-potential field distribution is observed 
over several oil and gas reservoirs in Albania. These 
carbonatic and sandstone oil reservoirs are located in 
different depths, from 900 up to 3500 meters. Geo- 
electrical observations have been carried out by the 
surface surveys of the electric self-potential and through 
analyses of the SP logs in the depth. Mathematical 3D 
modeling of distribution of electric current over oil 
reservoirs has been realized. 

Migration of the hydrocarbons from their reservoir 
towards the Earth surface causes changes in the physical 
and chemical status of the covered reservoir rocks. The 
rocks of chimney become distinguished from the sur- 
rounding rocks located outside of the reservoir contour 
(Pirson, 1973). Such well-known phenomena have 
been studied in a number of hydrocarbon reservoirs in 
Albania (Frasheri et al ., 1982, Stambuli et al ., 1983). 
The main geochemical processes between rocks and 
hydrocarbon migration flow are the redox reactions. 
The epigenetic reduction facies of the covered rocks 
are observed over reservoirs. Consequently for a 
modeling of the self-potential field distribution, the 
oxidizing-reducing potential E h has to be calculated: 


Eh ~ Eq + ■ 


RT 


•In 


Fe 


+ 3A 


Fe 


+2 


( 1 ) 


where: E 0 - is the potential of a standard system, taken 
conventionally as E 0 - 0; R is the gas universal 
constant; F is Faraday’s number, T is the solution 
temperature in Kelvin degrees. In parallel we have 
calculated the reducibility coefficient (Werner 1970): 

K ' Ee HCl + Fe FeS ^ ^ 

ZFe 

where: Fe\ cl is the content of two valence iron ions 

abstracted by HC1; Fe 2 FeS ^ is the content of two-valence 

iron sulphide; HFe = Fe + ^ cl + Fe FCl + Fe + FeS ^ is the 

total sum of content of iron ions, two and three valence, 
which have participated in the chemical reactions; C = 
0.236 is a constant. 

Figure 1 shows the stratigraphic column and the values 
of the coefficient K of the rocks over Ballshi oil and gas 
reservoir in Albania. Results from 130 analyzed samples 
show that the geochemical epigenetic facies changes from 
small reduction of the flysch formation in depth, towards 
the reduced neogenic molasses near the Earth surface. 
This status changes with an average gradient of - 
0.021/100 m. The surrounding chimney rocks represents 
negligible reduced facies, with a vertical gradient of - 
0.00025/100 m. The oxidizing-reducing potential E h 
increases toward the depth with a gradient of 3.6 - 9.6 
mV/100 m in the rocks over the reservoir. These changes 
are determined by following equations: 
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Over the reservoir: 

K = - 0.079// + 0.54 (3) 

E h = 9.6//- 6.0 (mV) (4) 

In the same formation inside of the chimney: 
K=0.00025H + 0.22 (5) 

= 0.017/- 5.88 (mV) (6) 


where: H is the depth of the reservoir from the Earth 
surface. 

The gradients of K and E h are in dependence on the 
distance r from the epicenter of the reservoir. They have 
great values near this epicenter and decreases towards 
the contour of the reservoir. They are equal to zero outside 
the contour water/oil. These changes are determined 
by the equation: 

Over the reservoir: 

E h = K(Z-H)(a-r) + C (7) 

Outside the reservoir: 

E h = C (8) 


where: H is the depth of the reservoir; Z is the depth of 
the survey point, where the potential is calculated, from 
the epicenter of the reservoir; r is the horizontal distance 
of this point to the epicenter of the reservoir; a is the 
radius of the reservoir; C is a constant. 

These changes of the oxidizing-reducing status of the 
chimney and surrounding rocks are the source of the 
Electro-motor forces with a spatial distribution able to 
generate stationary electrical currents of the self-poten- 
tial field in environment. The chimney of oxidizing- 
reducing system of the rocks over oil reservoir represents 
the “generator” of the electric currents. 

For the theoretical modeling of the self-potential 
field I have used the following equation: 


E Fbk =-~\ -In C F .., - -In C +2 =- JE " (9) 


The distribution of self-potential voltage have been 
calculated using the equation of Poisson: 

AU = fix, y,z) = -j- (yE Femx )+ -J- (yE )+ A (yE Femz ) ( 10) 

ax ay dz 

where: / (v,y,z) expresses the distribution of the 
Electro-motor force, 



where: C +2 ,C +3 are two and three valence iron 


FIG. 1 . Summary geochemical column of the 
reduction coefficient of Ballshi oil and gas reservoir. 
(After Stambuli Th. et al ., 1983). 


ions concentration. 
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FIG. 2. Self-potential anomaly map, Ballshi oil and gas reservoir, Albania. 1 - The oil-water contour; 2- The oil-gas 
contour; 3- The potential contours (the contour values are in mV). 
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FIG. 3. Geoelectrical section 1-1, Ballshi oil and gas reservoir, Albania, a) Self-potential anomaly observed at Earth 
surface; b) Mathematical model of the distribution of self-potential in the vertical section; c) Vertical gradient of the 
“zero line” of SP logs in the wells in Ballshi oil and gas reservoir. 



FIG. 4. pH anomaly (1), E h anomaly (2) and self-potential anomaly (3) in the 1-1 Line, Ballshi oil and gas reservoir. 
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FIG. 5. Trend of the “zero line” of the FIG. 6. Vertical gradient of the Spontaneous Potential (SP) logs in the 

spontaneous potential logs inside of the wells in Ballshi oil and gas reservoir. (The numbers in the contours are 

reservoir, with a positive vertical gradient average SP vertical gradients in mV/100 m). 

from 2 to 15 mV/ 100 m (a) and outside 

of the oil-water contour, with a vertical 

gradient 0 mV/100 m (b) 


The solution of the equation (9) has been found 
using numerical methods. 

DISCUSSION AND ANALYSIS 

Self-potential anomalies at Earth surface have been 
observed in several oil reservoir areas in Albania. These 
anomalies have amplitudes between 20 up to 100 mV 
(Fig. 2, 3) (Frasheri, et al., 1981, 1982). Redox potentials 
E h in the area of the reservoir have been observed too. 
These SP are analogues with the anomalies observed 
in oil reservoir areas in different countries (Czorgei 
and Lada, 1985; Pirson, 1973). 

The presence of E h anomaly shows that over oil 
deposits chimney of reduced rocks are located (Fig. 4). 


Surrounding rocks outside of the reservoir area are 
oxidable (Frasheri, et al ., 1981, Stambuli, et al ., 1983). 
From 130 analyzed samples from geological section of 
the oil deposits shown in Figure 1, the conclusion is 
that the epigenetic geochemical facies changes from 
weakly reduced flysch rocks in depth towards reduced at 
the Earth surface, where neogenic molasses are located 
(Fig. 1). The coefficient of reductibility changes with 
an average vertical gradient of -0.021/100 m. The 
oxidizing-reducing potential E h increases in depth with 
a vertical gradient of 3. 6-9. 6 mV/100 m in the rocks 
over the reservoir. 

The self-potential anomalies are extended at depth, too. 
This fact has been proved through the positive drift at 
depth of the “zero line” or “clay line” of the Spontaneous 
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FIG. 7. Theoretical model of the self-potential field distribution in a shallow oil and gas reservoir area. 1- The 
reduction coefficient plot in the horizontal and vertical directions; 2- The reduced rocks zone over the reservoir; 3 - 
Top of the oil and gas reservoir. 
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FIG. 8. Theoretical model of the self-potential field distribution in a depth oil and gas reservoir area. The legend as 
in Fig. 7. 
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FIG. 9. Theoretical model of the self-potential field distribution in two oil and gas reservoirs, which are located at 
different depth. The legend as in Fig. 7. 


Polarization logs (SP) (Fig. 5) (Frasheri, et al . , 1981). The 
vertical gradient of the SP reaches up to 10 mV/lOOm 
in the wells inside of the oil deposits area. It becomes 
zero in wells, which are located outside of the oil- 
water contour area. Several hearths with higher 
gradient values were observed in the map of the PS 
gradient (Fig. 6). This fact demonstrates that the 
reducing process of the rocks does not occur equally 
everywhere in the geological section. The same 
phenomena have been observed in the vertical plane, 
too. They depend on the geochemical conditions of the 
rocks in different depth over the oil reservoir. It is 


necessary to be mentioned that the PS vertical gradient 
has been observed also in some wells with oil imprint 
only. 

The field survey results have been verified by a 
mathematical modeling (Fig.7 and Fig. 8). In Figure 7 
the reservoir is located at depth of 900 m and the 
intensively reduced rocks are located near of the Earth 
surface. In the model of the Figure 8 the reservoir is 
located at 3500 m depth, and the intensively reduced 
rocks occur in the middle of the geological section. 
Complicated anomaly shapes are observed in the case 
of two reservoirs, located close to each other (Fig. 9). 
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FIG. 10. Synthetic and observed magnetic anomalies in the 1-1 line, Ballshi oil and gas reservoir. 1 - Computed 
horizontal magnetic component H; 2- Observed horizontal magnetic component H; 3- Total magnetic anomaly AT; 
4-Computed vertical magnetic component Z; 5- Projection of the oil- water contour at survey line. 





FIG. 11. Integrated geophysical-geochemical anomalies along 1-1 line, Ballshi oil and gas reservoir. 1 - Self- 
potential anomaly; 2 - Residual total magnetic anomaly of 4th order, recomputing at 250 m depth; 3 - Total gas 
anomaly; 4- Bituminous anomaly; 5- Manganese content anomaly; 6- Top of the oil and gas reservoir. 
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The electric field of natural currents is accompanied 
with magnetic anomaly, which can be observed in the 
reservoir area (Fig. 10). The total magnetic field 
anomaly has an amplitude about 5-8 nT (Frasheri, et 
al . , 1982). The magnetic field distribution over the oil 
reservoir is represented very “noisy”. This fact could 
be explained by the heterogeneous distribution of the 
secondary magnetite in the subsurface ground, which 
is an element of the multielementary geochemical 
anomaly. Over the reservoir a weak pH anomaly is 
observed (Fig. 4). 

SP anomalies on the Earth surface over syngenetic 
gas reservoirs are not observed, generally. In some 
anomaly cases, the amplitudes are very small, of the 
order -20 up to -30 mV, and potential contours 
represent a mosaic shape. 

The studies of SP in various areas of Albania gave 
evidences for the existence of anomalies connected 
with the diffusion-adsorption or filtering processes. 
For the selection of anomalies that are linked with the 
presence of epigenetic reducing geochemical facies 
over the oil reservoirs it is necessary geoelectrical and 
magnetic surveys to be performed in complex with 
geochemical studies of the redox potential E h , as well 
as gas, bitumen and microelements anomalies surveys. 

The complex geophysical-geochemical anomalies 
along line I-I, over the Ballshi oil and gas reservoir are 
shown in Figure 1 1 (see also Fig. 2). 

CONCLUSIONS 

1. SP anomalies of magnitude up to -100 mV are 
observed on the ground surface over the oil reservoirs 
in Albania located at depths from 900-4000 meters. 

2. SP anomalies are observed also in depth with a 
positive drift of the SP plot “zero line”, which have the 
vertical gradient up to 10 mV/ 100 m. 

3. SP anomalies are an inherent element of the 
complex, multi-element geophysical and geochemical 
anomaly over the oil reservoirs. 


4. Complex geophysical-geochemical anomalies 
represent an indicator for the probability of the presence 
of commercial oil reservoir in depth. 
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Abstract 

In the paper there are presented the impact of the climate change on Adriatic Sea 
hydrology. The study is based on the results of inversion of 6 thermologs data for the ground 
surface temperature history in Albania, and climate change according to the meteorological data 
from different regions of Albania. The wells and the meteorological stations are located in 
Sedimentary Basin of Albania, at the field region in the west of Central Albania and in the 
ophiolitic belt in the mountainous region of the northeast Albania. Based on inversion data at 
coastal plane western region of Albania, GST history presents a gradual cooling before a middle 
of the 19th century, followed by 0.6 K warming . Climate warming of 0.6 K in the 20 th century 
is observed also in mountainous northwestern Albania. This warming mainly after the second 
half of the 20 th century is presented also by meteorological data. The warming has caused its 
impact on country climate, inland and coastal water systems and ecosystems of the Albania 

Keywords'. Ground Surface Temperature, Climate Changes, Hydrology, Hydrographic System, 
Adriatic Sea, Environmental Impact. 

1. Introduction 

Processes of the forming and circulation of the Adriatic Sea water mass, as is well 
known, presents a discussible phenomenon of the Mediterranean oceanographic dynamics. One 
of the main factors, which have determined these processes, is water discharge from the 
Albanian Hydrographic System into Adriatic Sea (Pano N. 1964, 1965, 1978, 1995 e 1998). 
Analyze of the factors that conditioned water discharge and their impact on Adriatic Sea 
Hydrology are presented in the paper. 

Climate, geomorphology, lithology and geographical situation of the Albanian 
Hydrographic Network Catchment, are caused their impact on the water discharge from Albania 
into Adriatic Sea. Its impact has been observed on some directions: 

• Country climate change, 

• Water systems and water resources changes. Impact of inland water resources changes on the 
hydrographic regime of the Adriatic Sea. 

• Mechanism of the forming and circulation of the South Adriatic Sea water. 

In the first part of the paper is presented detailed analyzes of the climate change in 
Albania (Frasheri 1995, Frasheri et al. 1999, 2002. Albania lies in a subtropical zone. It is a 
Mediterranean country. Winter is relatively short and mild, humid near the seaside areas. 
Summer lasts very long and it is hot and dry. To the east, in the mountain areas, the climate is 
Mediterranean mountainous. There, the temperature is lower than in seaside zones and the 
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raining decrease. Sunshine varies from 2560 hours per year in Tirana, down to 2046 hours in 
Kukesi City. Average yearly temperature varies from 16.5°C in Vlora City, 11.8°C in Kukes and 
7.0°C in the northern area of the Albanian Alps. In Albania the rainfall is in average about 1430 
mm/year. Albanian Alps is one of the most humid territories in Europe, up to 4444 mm/year 
rainfalls (Albanian Climate, 1978, Bori§i, M. and Demiraj, E. 1990, Mici, A. et al 1975). The 
climate in Albania varies from a region to the other, according to the location compared with the 
seaside, to the seasons, years, and centuries. The ground temperatures are conditioned by 
geographical position of the area, area’s geology, and ground lithology, dynamics of the 
underground waters, meteorological conditions, and season. The climate change studies, are 
based on geothermal inversion results and meteorological observation data. (Frasheri A. 1995, 
Frasheri A. et al. 1999, 2002). There is analyzed the ground surface history (GSH) and 
paleoclimate change according to the temperature measurements in the different wells in 
Albania. Climate changes during the last half of the XX century has been analyzed also based on 
the meteorological data. 

There are estimated continental water flow, created by atmospheric rainfalls and its 
impact on processes of the forming and circulation of the Adriatic Sea water mass has been 
analyzed. 

According to the complicated nature of the Albanian Hydrographic System, in the second 
part of the paper, is presented the analytical methodic for estimation of the total continental water 
flow in this system. From multi annual analysis of the water flow, in the paper are selected and 
analyzed characteristics of two characteristic years, with great (p=l%) and small (p=99%) water 
flow. 

In the last part of the paper the processes of the forming and circulation of the Adriatic 
Sea water mass impact for wet and dry years are analyzed. Results of the Albanian Expeditions 
“Saranda-1963” and “Patosi 1964”, have used for the analysis of year with great water flow. For 
the dry year have analyzed Italian-Albanian Expedition “Italia 2001-2002” data. 

2. Material and methods 

Cilimate change are analyzed in two directions: firstly by temperature record in the deep 
wells and shallow boreholes, and secondly by the meteorological observations data. The ground 
surface temperature reconstruction for long period, about 5 centuries, has been performed by 
estimation of the ground surface temperature changes at the past, according to the present-day 
distribution of the temperature at the depth, recorded in the borehole. The study of geothermal 
field of Albania has been carried out based on the temperature logging in the wells and boreholes 
(Qerrnak, V. et al 1996, Frasheri, A. and £ermak, V. et al. 1995, 2004). Six thermoplots were 
used for inversion of the ground surface temperature history. Well Ko-10, Arza-31, are located at 
the plane region in the west of Central Albania (Fig. 1). Boreholes Vl-1127, Gurth-595, Krasta-1 
and Ragam-168 are located in the mountainous region of the northeast of the Albania (Fig. 1). 

Air and ground temperatures, total annual rainfall quantity, wind speed and wetness, 
which are analyzed by records in Meteorological Stations (Fig. 1). These stations are located in 
different plane regions (Shkodra, Tirana, Ku§ova and Fier) and in mountainous region of 
Albania (Kukes), where the investigated wells are situated (Albanian Climate, 1978, Bori§i, M. 
and Demiraj E. 1990, Gjoka, L. 1990, Mici, A. et al 1975, the data for 1985-2000 after Mustaqi 
V.). 

Water potential of the Albanian Rivers System have been evaluated by a specific way, 
because this System is very complicated (Pano N. 1964, 1965, 1978, 1995 e 1998). This network 
has a surface of 43 305 km 2 , where 28 500 km 2 is inside the Albanian state territory, and water of 
the Albanian river system discharge into Adriatic and Ionian Sea. Albanian River System 
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represents in general a mountainous hydrographic network, with an average altitude 785 m above 
the sea level. Part of Albanian Hydrographic Network are lake system, Prespa-Ohri, and Scutary 
with a surface from 270-365 km 2 . A karstic phenomenon is very intensive in the limestone 
formation, which is extended in great surface of the country. 



Fig. 1. Map of Albania and location of the Kol-10, Arza-31, Vl-1127, Gurth-595, Krasta-1 and 
Ragam-168 wells and Meteorological Stations. 
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Water potential evaluation of the Albanian River Basin based on the multi annual 
archival data of the Albanian Hydrometeorological Institute of the Academy of Sciences. The 
monitoring network has more than 22 meteorological and hydrometric stations, during the 
observed period 20-100 years. 

The methodology of the estimation of the water potential, have calculated the annual run- 
off discharge of the Albanian River System according to the corresponded types of the water 
supply, structure of the annual discharge distribution, and hydrogeographical types of the river 
catchment. Estimation of run-off discharge (Qi) are performed for two categories of river basins, 
with different hydrographical and hydraulical natural conditions: 

1) Water system: Scutary Lake-Drini River-Buna River), where the run-off discharge Qi 
is computed by Qi= F(Hj,Qi), where Qi represent the discharge of the lateral source.. 

2) Drini, Mati, Ishmi, Semani , Vjosa River systems, etc), where the run-off discharge 
Qi is computed by Qi-f(Hi), where Hi- level in the river Qi=f(Hi), where Hi is altitude 
of the water level river (i) section. 

The hydrographical complex Scutary Lake-Drini River-Buna River, with a great 
catchment surface of about 20 000 km 2 , as well is known, is very complicated and unique for its 
hydraulic regime, in the Mediterranean hydrography. This particularity has made necessary the 
particular modeling for estimation of the water flow of Buna River. 

This particularity has made it difficult to valuate the water flow of Buna through the well 
known classic methods of the engineering hydrology. A particular way to calculate the water 
flow of the Buna River is found. This way consist the particular hydraulic conditions: 

The discharge of the Buna River, when it flows away from the Scutary Lake Q 2 depends 
not only from the level of the water H 2 , but also on the level H 2 and the Drini River discharge in 
to the Buna River Q 4 . So, the only possibility to calculate the discharge of the Buna River Q 2 is 
to find the connection Q 2 =f(H 2 , Q 4 ). This connection is deducted by the following equations: 

Q 2 = A, xH 2 xjAHZ 3 (1) 

e 3 = (e 2 +e 4 )=A<' (2) 

The dislevel A H 2 _ 3 can be determined through: 


AH 2 _ 3 =(H 2 -H 3 

if we put the equation (3) to the putting equation (1) , we will have: 

Q 2 = A xH 2 xJh\ - // 3 
we find H 2 from equation (4): 


Qi + Qa 




Ql 


(A xH 2 f 


From equation (10) it results: 


q 2 = 


A A H. - 


Ql 


-|2 


(a xH 2 ) 2 


-q 4 


(3) 

(4) 

( 10 ) 


( 11 ) 


Where: A, Ai, and B, Bi = parameters (A=0.073; Ai=0.025; B=l. 61413; Bi=1.85 
AH 2 _ 3 - dislevel (H 2 -H 3 ) 


Putting the above parameter, equation (11) has the final form: 



0.025 A H 


Ql 


(0.0073 xf/*' 61413 ) 2 


1.85 


-Qa 


( 12 ) 


4 



266 


The Q 2 =f(H 2 , Q 4 ) correspond to the results obtained through the hydraulic calculations the 
dependence Q 3 =f(H 3 ), topomorphometric data, and the hydraulic parameters of the rivers 
discharge are the basic dependence of this calculation. The methods of Pavllovskiy and Van Te 
Chen- 1963 were used in this calculation. The differences of the discharge Q 2 for all the game of 
the discharge between both methods are small, about SQ = ±3% . 

Giving standard values to the discharge Q 4 equal to 50, 100, 300 1 500 m 3 /s and salving 
the dependence of Q 2 as an explicit function from the Scutary Lake level H 2 and the Drini 
discharge Q 4 , it was made possible to from a single family of the countable curves of the Buna 
discharge in the Scutary Lake. 

The phenomenon of dry and wet years has always had a significant role and great 
interest. In this paper, the importance of preliminary hydrologic analyses of the raw data, which, 
aparat from an estimation of the basic statistic parameters, verification of consistence, 
representatively, homogeneity an independence, includes an investigation of the periodicity of 
time series, is discussed. 

After evaluation of the water flow Qi, have been calculated multi annual average 


discharge Q = 


Za 


, standard deviation S = 


n - 1 


Qi-Q 


j 


, variation coefficient C v = — , and 
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asymmetry coefficient C s = 


1 


(n- 1) Art -2) S 
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All modeling and calculations have been performed for the model of dry and wet 
characteristic years, to analyze the climate impact on Albanian Hydrographic System. 

Processes of the forming and circulation of the Adriatic Sea water mass have analyzed 
based on hydrographic data and Results of Albanian Marine Expeditions “Saranda 1963”, 
“Patosi 1964” for the wet years (Pano N. 1974), and Italian-Albanian Expeditions “Italica I and 
II, 2000 and 2001” for dry years. 


3. Results and discussion 

The ground surface temperature reconstruction of the thermoplots of Kolonja-10 and 
Arza-31 deep wells, which are located at coastal plane region of western Albania, are shown in 
fig. 2. As it is seen in this figure, the GST history yielded by tighter inversion of Ko-10, presents 
a gradual cooling of 0.6 K, before a middle of the 19 th century. Later followed by 0.6 K 
warming, with a gradient 5.4 mK/years, that seems quite reasonable and is consistent with 
generally accepted ideas about the climate of the last 2-3 centuries. On the contrary, the 
paleothermal history, obtained from Arza-31 well, presents a monotone warming of 1,7 K, by a 
gradient 5.7 mK/year, during the 17th and 19th centuries. This trend of the warming has only 
explanation caused by a deforestation of the area and presence of the paleo-swamp. 

Fig. 3 shows a GST history of Vl-1127, Gurth-595, Krasta-1 and Ragam-168 boreholes, 
which are located in the mountainous regions of Northeast Albania. Some changes are observed 
in these regions as to the cooling of 0.2 K during the 19 th century. Later, the warming trend of 
0.6 K during the 20 th century, by a gradient 6.7 mK/year. Warming gradient increasing at 
mountainous regions, in comparison with coastal areas, is caused by intensive deforestation 
during the last half of 20 th century. 
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Fig. 2. Ground surface temperature history according to thermoplot of Ko-10 and Arza-31 wells 
(According to the Safanda, J. calculations). 
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Fig. 3. Ground surface temperature history according to thermoplot of VI. -1127, Gurth-595, 
Krasta-1 and Ragam-168 boreholes (According to the Cermak, V. and Safanda, J. 
calculations). 
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Climate changes in Albania are observed also by the hydrometeorological studies. Fig. 4 
presents graphics of yearly average temperature of the air in Tirana and Shkodra Meteorological 
Stations, for the period from 1931 to 2000. As well known, Tirana is located in Central Albania. 
In general, the end of first observes half 20th century, a warming of climate, about 1°C. Thirty 
quarter of 20 th century is characterized by a cooling of 0.6°C, and later, up to present a warming 
of 1.2°C. The same climate changes are observed also at Shkodra City, in northwestern plane 
area of Albania. The cross correlation coefficient is C c = 0.78 between variation curves of the 
average annual temperatures of both of these stations. Warming trend of maximum 1.2°C, in 
particular after seventy years, is observed in all Albanian territory (Fig. 5). There are good cross 
correlation between variation curves of the average annual temperatures of Shkodra, Tirana and 
Kukesi, respectively C c = 0.78 and 0.79. Weak cross correlation C c = 0.58-0.68 is observed 
between temperature variation of the Kugova area and other northern regions. This phenomenon 
presents the influence of the local character of the climate changes of Kugova area. Warming of 
the soil is more intensive than air warming (Fig. 6). 



Time (Years) 


Shkoder Tirana 

Poly. (Tirana) Poly. (Shkoder) 


Fig. 4. Air Average Annual Temperature Variation at Tirana and Shkodra Meteorological 
Stations (Period 1931-2000). 
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•Poly. (Tirana) 


Fig. 5. Cross-correlation of the Air Average Annual Temperature variations at Shkodra, Kukes, 
Tirana, Kugova and Fier Meteorological Stations (Period 1950-2000). 
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Time (Years) 


Seriesl — h = - 20 cm Air Poly. (Air) 


Fig. 6. Air and Ground Average Annual Temperature Variation at Tirana Meteorological Station 
Station. 

The meteorological data shows that the warming trend is not a monotone one. In short 
intervals are observed cooling and warming (Fig. 4, 5, 6). The meteorological studies have 
verified warming of the climate during the last quarter of the XX th century, too. It has been 
consisted that: “Around the 1980’s a warming trend is observed” (Bori§i M., Demiraj E. 1990, 
Demiraj E. et al 1996). 

The warming period in Albania is accompanied with changes of the rainfall regime., 
wind speed and wetness. There are observed a decreasing of the total year rainfall quantity, for 
about 200-400 mm. (Fig. 7,8,9). 



Time (Years) 


Tirana Shkodra Poly. (Shkodra) Poly. (Tirana) 


Fig. 7. Total year rainfall quantity of the Tirana and Shkodra Meteorological Station (Period 
1930-2000). 
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Fig. 8. Cross correlation of the Total Year Rainfall Quantity of the Tirana, Shkodra, Kugova, 
Kor^a, Kukesi, Gjirokaster, Vlora Meteorological Station (Period 1930-1970). 



Minimal, 1907 — Maximal, 1960 


Fig. 9. Total Year Rainfall Quantity in the most dry and wet year, respectively, of the Shkodra 
Meteorological Station (respectively 1907 and 1960 years). 

In the dependence of the geographical location of the areas changes the cross correlation 
of the rainfall quantity: Tirana area with Shkodra area C c =0.62, with Korga C c =0.81, Kugova 
C c =0.66, Kukesi C c =0.88, Gjirokaster C c =0.88, Vlora C c =0.53, during the period of 1930-1970. 
Fig. 8 is presented the difference of the total year rainfall quantity in the most dry and wet years, 
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respectively 1907 and 1960. The warming have accompanied with decreasing of the wind speed 
about 1.5 m/sec and 5% increasing of the wetness, during the period of 1950-1994 (Fig. 10). 
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Fig. 10. Air Average Annual Temperature, Total Year Rainfall Quantity, Wind Speed and 
Wetnees Variations, at Shkodra Meteorological Stations (Period 1950-1994). 


This warming is part of the global Earth warming during the second half of XX century. 

Its impact has been observed also on water systems and water resources. Inland water 
resources change has its impact on the hydrographic regime of the Adriatic Sea. Processes of the 
forming and circulation of the Adriatic Sea water mass, as is well known, presents a discussible 
phenomenon of the oceanographic dynamics. These processes, in the particularly intensity of the 
penetration of the Levantine hot and saline waters in the Adriatic Sea through Otranto Strait, for 
long time period have been explained by the external phenomena from this sea (Buljan M, 1948, 
1955, Armanda Zore 1960). Has been supposed that Adriatic Sea doesn’t participate in this 
penetration. 

Based on two Albanian Oceanographic Expedition “Saranda-1963” and “Patosi-1964” 
collected data has been proposed other mechanism of the forming and circulation of the Adriatic 
Sea water (Pano 1974, 1984, 1994, Pano et al. 1997). There are great impact of the specific 
natural conditions of the Albanian Hydrographic System catchment, with a surface of 43 304 
km 2 , in the particularly extraordinary atmospheric winters, in these processes. 

The water potentials of Albanian rivers system is Wo = 41,249. 10 9 m 3 that correspond to 
a mean annual discharge of Qo = 1306 m 3 /s. So, Albania is one of high specific water potential 
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in Mediterranean. The multi annual data have arguments that the total discharge of the Albanian 
rivers system in the Adriatic and Ionian Seas varies in very wide limits. Minimal discharge is 
700-800 m 3 /s for the hydrological dry years of low precipitation, up to maximal values 1900- 
2200 m 3 /s for the hydrological wet years of high precipitation. Buna River is one of the most 
important rivers of the Mediterranean Basin. This river, together with Po River in Italy, are 
determinant in the water balance of the Adriatic Sea. 



View of Mati River discharge in Adriatic Sea. 

The oceanographically situation of the wet years 1963-1964 has been characterized by 
formation of "The Bridge" with continental water in the Adriatic sea (Fig. 11). "The Bridge" is 
closely linked with the intensity of the river flow (Pano N. 1974). The eastern water mass are 
formed in SE Adriatic Sea area by the discharge of the Albanian rivers, and the Adriatic North 
water masses are formed by the discharge of Po River, Italy. This "Bridge”, includes not only the 
surface layer, but also the Levant Intermediate Water (LIW) up to 600 m. depth. Low salt 
content and density of the seawaters are observed over “the bridge” (Fig. 12, 13. 14). This 
phenomenon has a complex and an important influence on many dynamics aspects of the 
formation Adriatic Deep Water (ADW), the deportation Levant Intermediate Water (LIW), and 
the monitoring mechanism of water into Otranto Street. All these peculiarities have impact also 
on the seawater temperature distribution in this area (Fig. 15). Consequently, "The Bridge” with 
the continental water in South Adriatic is an important component of the hydrological regime of 
the Sea. It is important to observed that under “the bridge” is located also an heat flow density at 
the sea bottom (Geothermal Atlas of Europe, 1992) (Fig. 16). This figure shows that “the 
Bridge” direction is corresponds with the prolongation of well-known Scutary-Pec regional 
tectonic transversal over the Albanides onshore. 
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Fig. 11. “The Bridge” of continental water in the Adriatic Sea. 
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Fig. 12. Vertical salinity section 1-1, Adriatic Sea, wet hydrographical year 1963. 



Fig. 13. Vertical salinity section 2-2, Adriatic Sea, wet hydrographical year 1963. 
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Fig. 14. Vertical density section 1-1, Adriatic Sea, wet hydrographical year 1963. 



Fig. 15. Vertical temperature section 1-1, Adriatic Sea, wet hydrographical year 1963. 


Consequently, climate change in Albania, in the complex, has impact on some directions: 

• Country climate, 

• Water systems and water resources. The rainfall regime changes have their consequences in 
the fresh water resources of the country, of surface’s and underground waters. 

• Inland water resources changes have their impact on the hydrographic regime of the Adriatic 
Sea. 
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Fig. 16. Adriatic Heat Flow Density anomaly. 


• Ecosystems, and biodiversity, in the particularly in the water’s flora and fauna. Temperature 
augmenting has caused increasing of the evaporation in the water systems. Consequently in 
the river system, reservoirs, wetlands, lakes and lagoon system has been observed thermal 
stress. In very beautiful ecosystems of Albanian lagoon as Narta, Karavasta, Kune-Vaini and 
Micro Prespa Lake etc. thermal stress has its impact, first of all on the biodiversity. This 
stress is extended also in the shallow coastal waters; consequently there are observed 
diminution of the fish quantity. 

• Adriaric Sea hydrology. 
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4. Conclusions 

Based on the results of inversion of the thermologs data, recorded in deep wells and 
boreholes, for the evaluation of the ground surface temperature GST history and 
hydrometeorological data, we have arrived in following conclusions: 

1. The climate at coastal plane region of Western of Albania was cooled of .6 K before of 
middle of 19 th century. Later a warming of 0.6 K occurred, from last quarter of 19 th until 
present-day. 

2. Temperature records in northwestern mountainous region of Albania confirmed also a 
climate warming of 0.6 K during 20 th century. At mountains regions, the warming has 
started about quarter of century later than at coastal plane area of western Albania. 

3. Warming, mainly during the last quarter of the 20 th century, is demonstrated also by 
meteorological data. 

4. The rainfall regime changes have their consequences in the fresh water resources of the 
country, of surface’s and underground waters. 

5. Warming has caused its impact on country climate and ecosystems. There is 

observed a decreasing of the water resources of the country, and thermal stress in the 
wetlands, lagoons and lakes of Albania. Impact it is observed first of all on the 
biodiversity. 

5. The oceanographically situation in the Adriatic Sea is characterized from the formation of 
"The bridge" with continental water in the Adriatic Sea. "The bridge" is closely linked 
with the intensity of the river flow. 

6. It is necessary to continued realizing, by a new project, of the analytical integrated studies 
of environmental impact of the global warming in Albanian territory and its 
consequences, carried out up to present, by the NGO Society “Protection and 
Conservation of the Albanian Inland and Coastal Waters”. 
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ABSTRACT 

In the paper there are presented the results of inversion of thermologs data for the ground 
surface temperature history in Albania. The analysis presented in paper is based on 4 
thermoplots, from different regions of Albania. The wells are located in Sedimentary 
Basin of Albania, at the field region in the west of Central Albania and in the ophiolitic 
belt in the mountainous region of the northeast Albania. Based on inversion data, it 
results that 3.5 centuries ago in Western Albania the climate was warmer. Later a cooling 
of 1°C occurred, until 1 century ago. During the 20 th century an increase of 1°C is 
observed. Inexpressive climate warming in the second half of this of this century is 
observed in Northwestern Albania. This warming mainly after the second half of the 20 th 
century is presented also by meteorological data. The warming has caused its impact on 
country climate, water systems and ecosystems of the Albania. 

Keywords'. Ground Surface Temperature, Paleoclimate Changes, Paleoclimate 
Reconstruction, Thermolog, 


INTRODUCTION 

Albania lies in a subtropical zone. It is a Mediterranean country. Winter is relatively short 
and mild, humid near the seaside areas. Summer lasts very long and it is hot and dry. To 
the east, in the mountain areas, the climate is Mediterranean mountainous. There, the 
temperature is lower than in seaside zones and the raining decrease. Sunshine varies from 
2560 hours per year in Tirana, down to 2046 hours in Kukesi City. Average yearly 
temperature varies from 16.5°C in Vlora City, 11.8°C in Kukes and 7.0°C in the northern 
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area of the Albanian Alps. In Albania the rainfall is about 1430 mm a year. Albanian 
Alps is one of the most humid territory in Europe, up to 3094 mm a year rainfalls 
(Albanian Climate, 1978, BoriQi, M. and Demiraj, E. 1990, Mici, A. et al 1975). 

The climate in Albania varies from a region to the other, according to the location 
compared with the seaside, to the seasons, years, and centuries. The ground temperatures 
are conditioned by geographical position of the area, area’s geology, ground lithology, 
dynamics of the underground waters, meteorological conditions, and season. 

The Albanides represents the assemblage of the geological structures in the territory of 
Albania. Two major peleogeographic domains form the Albanides: the Internal Albanides 
in the eastern part and the External Albanides in the western part of Albania. The Internal 
Albanides are characterized by presence of the immense and intensive tectonised 
ophiolitic belt, which is displaced from east to west as overthrust nappe. The External 
Albanides was developed out of the western passive margin and continental shelf of the 
Adriatic plate. The geological section of Albanian Sedimentary Basin is more than 12000 
m thick. 

The Earth crust in Albanides is interrupted by a system of longitudinal fractures in NW - 
SE direction and transversal fractures, that touch even the mantel. With deep fractures are 
linked geothermal energy of the Albanides. 

Maximal geothermal gradient in this Basin has a value of 21.3 mK/m. These gradients 
change from one formation to others. Geothermal gradient increases up to 25 mK/m in 
the ophiolitic belt of the Inner Albanids. Heat flow density has its highest values of 42 
mW.m' 2 in the Albanian Sedimentary Basin and 60 mW.m' 2 in ophiolitic belt (Cermak, 
V. et al 1996, Frasheri, A. and Cermak, V. et al. 1995, Frasheri, A. 1993, 1996). 
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Analyzing some thermoplots of different wells in Albania, it resulted a useful information 
to evaluate the paleoclimate changes until a thousand years ago. This information of the 
Ground Surface Temperature history, according to thermoplots in Albania, is analyzed in 
this paper. 

MATERIAL AND METHODS 

The study of geothermal field of Albania has been carried out based on the temperature 
logging in the oil and gas deep wells located in the Albanian Sedimentary Basin, also in 
boreholes in the ophiolitic belt. These wells, with a depth of 50 m to 6700 m, are located 
in different geological situations (Cermak, V. et al 1996, Frasheri, A. and Cermak, V. et 
al. 1995, Frasheri, A. 1993, 1996). 


Paleoclimate reconstruction has performed by estimation of the ground surface 
temperature changes at the past T (z=0,t)=Ts (t), -t 0 </<(), according to the present 


distribution of the temperature at the depth T(z,t = 0) = T e (z), recorded in the borehole. 
Temperature distribution T (z, t) was evaluated by solving of the know problem 
(Dimitriev B.I. et al. 1997): 


A(z) dT 

V 7 X 

a 2 (z) dt 


sf ,ar' 


dz 


+ j(z). 


for - 1 0 < t < 0, 0 < z< H, 


T z (z,t = -t 0 ) = T St (z), 


T( Z = 0,0 = T s it), T s it = -t a ) = T st {z = 0 ) = T„, 


A 




dz 

fol =0, 


Z=H ~ 

dz 


= 0 


Where: temperature-conductivity coefficient a 2 (z), heat-conductivity Mz) and heat 
sources j(z) are changes with the depth 0<z< °o . The parameters a(z), Mz ) , j(z), and heat 
flow density (q) at the depth must be determined by measurements. The beginning 
temperature distribution function T St (z) is determined by a condition of T(z,t=0)=T e (z). 
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Ten thermoplots were used for inversion of the ground surface temperature history. For 
the analysis presented in this paper we have chosen 4 thermoplots, in different regions of 
Albania. Well Ko-10 it is located in Sedimentary Basin of Albania, at the field region in 
the west of Central Albania (Fig. 1). Wells Vl-1127, Gurth-595, Krasta-1 and Ragam-168 
are located in the ophiolitic belt, in the mountainous region of the northeast of the 
Albania. The temperature inversion for paleoclimate reconstruction done by Dr. V. 
Cermak and Dr. Jan. Safanda (Vl-1127, Gurth-595, Krasta-1, Ragam-168) and Prof. 
Henry Pollack (Ko-10 well), using Dr. P. Z. Shen software program, adopted after GST 
inversion technique proposed (Frasheri, A. 1995, Frasheri, A., Cermak, V. and Safanda, J 
1999). 

The results of this inversion of the ground surface temperature history are correlated with 
the data of air and ground temperatures, which are recorded in Meteorological Stations 
(1, 2, 9, 10). In the event of not being able to make a full comparison of the whole time of 
the ground surface temperature history, we consider this test as valuable also for the last 
decades, for which there are hydrometereological instrumental data. For this correlation 
three stations are chosen Tirana in Central Albania, Fier at Western area and Kukes in 
Northwestern region of Albania (Tab; 1; Fig. 1) (Albanian Climate, 1978, Borigi, M. and 
Demiraj E. 1990, Gjoka, L. 1990, Mici, A. et al 1975, the data for 1985-2000 after 
Mustaqi V.). 


Location of the Meteorological Stations Tab 1 


Station 

Coordinates 

Altitude (m) 

Area 

<Pn 

4 

Tirana Airport 

41° 20’ 

19° 47’ 

88.9 

Central Albania 

Kukesi 

42° 25’ 

20° 25’ 

354.2 

North-Eastern Albania 

Fieri 

40° 44’ 

19° 31’ 

12.0 

Western Albania 
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RESULTS AND DISCUSSION 

The thermoplot of Kolonja-10 deep well, which is located in field’s Western region of 
Albania, temperature trend and residual temperature anomalies are shown in fig. 2 
(Frasheri, A. 1995). 

According to these data, climate reconstruction of the thermal field is presented in fig. 3. 
As it is seen in this figure, from the beginning of the 20 th century the seaside region of 
Albania is warmer. The average increase in the temperature is about 1 °C. To the 
contrary, from the XV th century until the end of XIX th it has cooled about 1°C. Pre-1500 
Mean Ground Surface Temperature is equal to the To=17.9 °C. First five centuries of the 
second millenium are characterized by a warming of 1°C. In this way, climate in the 
seaside field’s part of Albania is characterized by increase and decrease alternations of 
the temperature. These alternations have lasted for five centuries. Change of the average 
yearly temperature has not been over 1°C. 

Fig. 4,5 shows a GST history according to Vl-1127, Gurth-595, Krasta-1 and Ragam-168 
boreholes, which are located in the mountainous regions of Northeast Albania. Some 
nonessential changes are observed in these regions as to the warming trend of the 20 th 
century. 

To correlate data of GST history according to geothermal studies with the data of 
hydrometeorological observations, there are analyzed data from three stations that we had 
in disposition. These stations are located in field regions (Tirana and Fier) and in 
mountainous regions of Albania (Kukes), where the investigated wells are situated. Fig. 6 
presents graphics of yearly average temperature of the air and ground at depth of 20 cm 
and 40 cm in Tirana Meteorological Station. As well known, Tirana is located in Central 
Albania. During 1985-2000 there is presented only the average annual air temperature, 
because of lack of data of the soil temperature (fig. 7). In general, by the end of 20 th 
century, in all Albania is observed a warming of climate. Warming trend it is observed in 
the air and the soil in all Albanian territory (Fig. 7, 8). The warming trend, in particular 
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after seventy years, clearly shows these graphics. The meteorological data shows that the 
warming trend is not a monotone one. In short intervals are observed cooling and 
warming (Fig. 8). The meteorological studies have verified this phenomenon, too. It has 
been consisted that: “Around the 1980’ s a warming trend is observed” (2, 8). The 
warming period, in the field regions of Albania, is accompanied with a decrease in the 
rainfalls (Fig. 9). 

This warming is part of the global Earth warming during the second half of XX century. 
Its impact has been observed in some directions. There are two main directions: 

Firstly, with decaying of the rainfalls is observed decreasing of the water resources of the 
country, of surface’s and underground waters. 

Secondly, temperature augmenting has caused increasing of the evaporation in the water 
systems. Consequently in the river system, reservoirs, wetlands, lakes and lagoon system 
has been observed thermal stress. In very beautiful ecosystems of Albanian lagoon as 
Narta, Karavasta, Kune-Vaini and Micro Prespa Lake etc. thermal stress has its impact, 
first of all on the biodiversity. 

CONCLUSIONS 

Based on the results of inversion of the thermologs data, recorded in deep wells and 
boreholes, for the evaluation of the ground surface temperature GST history, we have 
arrived in following conclusions: 

1. The climate in Western field’s regions of Albania was warmer 3.5 centuries ago. 
Later a cooling of 1°C occurred, until 1 century ago. During the 20 th century an 
increase of 1°C is observed. 

2. Temperature records in Northwestern Mountainous region of Albania confirmed 
inexpressive climate warming in the second half of this of this century. 

3. This warming, mainly after the second half of the 20 th century, is demonstrated also 
by meteorological data. 
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4. Warming has caused its impact on country climate and ecosystems. There is observed 
a decreasing of the water resources of the country, and thermal stress in the wetlands, 
lagoons and lakes of Albania. Impact it is observed first of all on the biodiversity. 
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Fig. 1 . Map of Albania and location of the Kol-10, VI- 1127, Gurth-595, Krasta-1 and 
Ragam-168 wells and Tirana, Fier and Kukes Meteorological Stations. 
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Fig. 2. Thermoplot of Ko-10 well in field Western region of Albania. 
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Fig. 3. Ground surface temperature history according to thermoplot of Ko-10 well 
(according to the Prof. H. Pollack calculations) 
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Fig. 4. Thermolog of VI. -1127 borehole, located in mountainous northwestern region of 
Albania 


it 



ground surface temperature changes, 


1600 


291 


1900 


2000 


1700 


1800 


2.0 


„.j 


2.0 


1.0 


GST history 

(2W/(m.K),0,2K) version 

1 - Vlahna-1127 

2 - Gurt-595 

3 - Krasta-1 

4 - Ragam-168 


h 1.0 


0.0 



0 0 


■ 1.0 


1600 


1700 1800 1900 

time, year 


- 1.0 


2000 


Fig. 5. Ground surface temperature history according to thermoplot of VI.- 1127, Gurth- 
595 and Krasta-1 boreholes (According to the Dr. Cermak, V. and Dr. 
Safanda, J. calculations). 
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Fig. 6. Air and Ground Average Annual Temperature Variation at Tirana Meteorological 
Station. 
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Fig. 7. Air Average Annual Temperature Variation at Tirana, Kukes and Fier 
Meteorological Stations. 
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KUKESI METEOROLOGICAL STATION 



Fig. 8 
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Legend 
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Fig. 8. Ground Surface Average Annual Temperature variation at Kukes and Fier 
Meteorological Stations. 
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Fig. 9. Average Annual Rainfall Quantity, Tirana Meteorological Station. 
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Energji alternative 
edhe ne SHQIPERI 



THE EARTH HEAT 


an alternative energy 

in ALBANIA 




drejtperse drejti ose terthorazi, energjine e eres, te ujit dhe te 
biomases. Por Dielli eshte lozonjar, na ben te varur nga koha e 
dites dhe nates, nga moti dhe klima. Toka paraqet veshtiresi, por 
eshte e sigurte: potenciali i saj eshte i disponueshem ne gdo kohe, 
ai vetem duhet shfrytezuar me teknologjite e pershtatshme! 






Deklarata e Ferrares, Itali, 29-30 Prill, 1999 
Keshilli Europian i Energjise Gjeotermale 

SHOQATA “MBROJTJA DHE RUAJTJA E UJERAVE TE EMBLA DHE BREGDETARE TE SHQIPERISE 
ASSOCIATION OF ALBANIAN INLAND AND COASTAL WATER CONSERVATION AND PROTECTION 
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TOKA-KY PLANET I NXEHTE! 

Siperfaqja e Tokes eshte deshmitare e shfaqjes, shpesh here te fuqishme e brutale, te 
energjive te brendshme te Planetit. Keto energji grupohen ne dy kategori: 


Energjia mekanike e termeteve dhe Energjia termale e vullkaneve 




Vullkanet dhe geizeret 

jane deshmi te energjise se 
madhe termike te Tokes. 

Toka eshte nje planet i nxehte. Ne qender 
te saj, perllogaritet qe temperatura te jete 
rreth 4000°C. Fluksi i nxehtesise, qe vjen 
nga thellesite ne siperfaqen e Tokes 
luhatet mesatarisht nga 54.4 mW/m 2 ne 
kontinente, deri 67 mW/m 2 ne oqeane. 
Planeti shperndan ne siperfaqe nje sasi 
nxehtesie qe arrin deri 42 miliarde kilowat. 




Geizer ne Zelanden e Re 
(Sipas W.A. Elders) 


Li fax'll 
te ngurte) 


HidroafEra 

£ Ataosfera 










^ r 

Sistemi energjetik: 

1. Lende djegese: - Te ngurta (Qymyr guri dhe torfa) 

- Te lengeta (Nafta) 

- Te gazta (Gazi djeges) 

2. Energjia termoberthamore 

3. Energjite e rinovushme (energji te bardha, ekologjike):- E ujit 

- E biomases 

- Gjeotermale 

- E Diellit 

- E eres 

A/e vendet e perparuara Europiane eshte intensiv shfrytezimi i energjive te rinovueshme, miqesore 
me mjedisin. Aktualisht, p.sh. ne Zvicer, prodhimi i energjive nga burime te ndryshme, eshte si 

me poshte. _ E ner gjj a e biomases (druri) 5720 GWh, ose 81 .5 % e totalit 
-Gjeotermale 618 GWh, ose 8.7% 

- Energjia e Ajrit dhe ujit 412 GWh, ose 5.8% 

Energjia gjeotermale merret nga nxehtesia e cliruar nga: 

1. Shkembinjte e thate, meanen e Kembyesve Vertikale te Nxehtesise neshpime, 

2. Ujerat termale te diet kategorizohen: 

.. 


marola (avulli dhe uji shume i 
nxehte) qe shperthen ne siperfaqe perbehet nga 
uje i valuar dhe avuj me temper'atura te larta, qe 
arrijne deri ne 310°C ne rezervuarin nentokesor. 
Tipike jane geizeret, midis te cileve eshte i famshmi 
“Gejzeri’ s i Islandes. Shatervani i ujit ne geizere 
arrin deri 40-42 m lartesi dhe ai i avullit deri 150 m. 
wsttmmmm Fluidi (uji dhe avulli) gjeotermal 
ka temperature qe luhatet nga80°C deri ne150° 
Uji del ne siperfaqe ne formen e 
burimeve, ose me anen e shpimeve. Ka burime me 
uje te ngrohte (27°C-37°C), me uje te nxehte (37°C - 
42°C) dhe shume te nxehte (42°C deri 80°C) 


Energjia gjeotermale e entalpise se larte 
shfrytezohet 






Kryesisht per prodhimin e energjise 
elektrike. Ne vitin 2000 fuqia e instaluar ka 
qene 9 960 MWe, ne nivel boteror. 

Per ngrohje, ne industri dhe ne 
bujqesi. 


Uji i rreshjeve atmosferike pershkon shkembinjte 
nepermjet poreve e garjeve te tyre dhe futet ne 
thellesi te medha. Atje, ngrohet nga nxehtesia 
qe merr nga shkembinjte, te diet jane burimi 
paresor i energjise gjeotermale dhe mbas kesaj, 
kryesisht, nepermjet thyerjeve tektonike del 
ne siperfaqe, ne formen e burimeve ose te 
geizereve. Keta jane burimet dytesore te 
nxehtesise. 





299 


PERDORIMI I DREJTPERDREJTE I ENERGJISE GJEOTERMALE NE BOTE 
WORLD-WIDE DIRECT USE OF GEOTHERMAL ENERGY 



Energjia gjeotermale shfrytezohet edhe drejtpe 
drejti, gjeresisht ne shume fushate veprimtarise jetesore 
dhe ekonomike. Ne nivel boteror, ne vitin 2000 fuqia e 
instaluar per shfrytezimin e drejtperdrejte te kesaj 
energjie, ka patur kete strukture: 

- Per ngrohje me pompa nxehtesie 

- Per ngrohjen e godinave me uje te nxehte 

- Per klinika dhe pishina per banje dhe notim 

- Per ngrohjen e serave 

- Per akuakulture 

- etj 

Total 


6 849 MW 
4 954 
1 796 
1 371 
525 


16 209 MW 


Ne vendet fqinje te Europes juge-Jindore, energjia 
e perdorur eshte (ne GWh/vit): Itali 1048 , Rumani 
797, Bullgari 455, Kroaci 154, Slloveni 196, 


Perdorimi i drejtpersedrejti i energjise 
gjeotermale eshte shume i larmishem: 

Se pari, perdorimi i ujit te nxehte te burimeve 
dhe puseve. 

Perdorimi klasik i ujerave termale ne te 
kaluaren ka qene i kufizuar. Ato jane 
shfrytezuar vetem per kurimin e 
semundjeve te ndryshme ne te 
ashtuquajturat “Llixha”. Por ne gerek 
shekullin e fundit u be nje ndryshim ne 
koncept. Sot, ujerat termale konsiderohen 
se jane te dobishme dhe duhen perdorur 
gjeresisht per kalitjen e shendetit te 
njerezve te shendoshe dhe per defrimin e 
tyre, qe jane edhe shumica e popullsise, si 
edhe per kurimin e semundjeve. Prandaj 
ndertohen dhe shfrytezohen hotele 
turistike me pishina dhe banja me uje te 
ngrohte, krahas klinikave te “Llixhave”. 

Ngrohja e serave per prodhimin e luleve dhe 
te perimeve eshte nje nga drejtimet e 
rendesishme te perdorimit te energjise 
gjeotermale. 

Nxjerrja e mikroelementeve dhe kriperave 
natyrore nga ujerat termale minerale 
eshte nje veprimtari ekonomike me shume 
v I e r e 
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Se dyti, perdorimi i puseve te thelle te naftes dhe gazit 
te braktisur, gift ose te vetmuar per te shfrytezuar 
energjine gjeotermike, si “Burime vertikale drejtvizore 
nxehtesie”. Ne puse te vetmuar mund te instalohen 
sisteme te mbyllur qarkullues se ujit te ftohte per t’u 
ngrohur ne thellesi. Me anen e konveksionit , uji ngrohet 
nga nxehtesia e shkembinjve. Ai mund te perdoret per 
ngrohjen e serave dhe te banesave. 


Fermepe^i^e rrasati peshku 

( ORKS (TST^^Mfclandej 


' • Me ujin e nxehte ngrohen eatMLbasene 
ujore per rritjen e rasatit te ifeshqve , si edhe 
|^|fer rrfljen e algaveKtemdryshme. 

Me kriperat dhe nga.alget prodhohen 
edhe pomada, nga me te mirat, per kurimin 
e semundjeve te ndryshme te lekures dhe 
per koznfetike. 

Se treti, perdorim 


Nxehtesie-Pus (KNFI 


per ngrohjen e ban 


sistemet me moder 
perparuar , miqes 
behen gjithnje e me 
shume vende te Korn 
perpjekje te medha 
e tyre nga karbur 
Burimet venrdore 
nxehtesia e sh 
j»ne vegarrcri 
perparesite ei 
larte ekono 
mjedisit nga 


sistemit Kembyes 
Nxehtesie (PN) 
ht keto jane 
logji me te 
in dhe po 
ullore. Ne 
an behen 
Ivaresine 
Ingrohje. 
ig eshte 
jfaqsore 
e per 
etin e 
tjen 
uar ng 


rejtvizoi^iei'tikal nxeht^S# 1 


PQMPG 

HSTHTEOIE 


Skema e ngrohjes e banesave 
me sistemin KNP-PN 


Kembyes nxehtesie 


Id [km 


1 ' 1 


U. V* 


r 






piim 


Z' 


Blok banesash komunale. Hollande 


Siperfaqia e ngrohur 7900 mP til H9 M Ah ± 

Ne 26 shtete, deri me sot jane montuar 570 000 instalime BHE-HP, me fuqi 1 2 KW secila, per ngrohjen 




dhe freskimin e shtepive-vila, por ka edhe mijera instalime me fuqi deri 500 KW qe sherbejne per 
ngrohjen e institucioneve dhe te blloqeve te banesave komunale. Shembull tipik eshte Zvicra, ku ka 
21 000 instalime , me fuqi te pompes nga 19-40 KW, te diet shfrytezojne nxehtesine e shtresave 


pranesiperfaqsore te tokes me temperature rreth 10°C. Nese, p.sh., ne vitin 1980 prodhimi i energjise 


gjeotermale nga keto sisteme ne Zvicer ka qene 70 GWh, ne vitin 1999 ai arriti ne 365 GWh . 
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RREGJIMI GJEOTERMAL I ALBANIDEVE 
GEOTHERMAL REGIME OF THE 




ALBANIDES 


'. ■ 

i ^ I* ■ i| 

t • 
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.Temperatura 


Fusha 


I 


gjeotermale 


karakterizohet nga temperatura 
relativisht te uleta. Ne thellesine 
100 m temperaturat luhaten nga 
8°C deri 20°C. Temperatura arrin 
deri 68°C ne thellesine 3000 m 
ne rajonin e Myzeqese. Ne 
thellesine 6000 m temperatura 
arrin 1 05.8°C. Temperatura me te 
uleta jane regjistruar ne rajonet 
malore te vendit. 


Temperature 
Geothermal field is characterized 
by relatively low values of tem- 
perature. The temperature at 100 
meters depth varies from 8 to 
20°C. The highest temperatures 
(up to 68 °C) at 3000 meters 
depths have been measured in 
plane regions of western Alba- 
nia. At 6000 meters depth, the 
temperature is 105.8°C. The low- 
est temperature values have 
been recorded in mountain re- 


Harta e Temperatures 
ne thellesi 100 m 


Harta e Temperatures 


Temperature Map 


at depth 100 m 


ne thellesi 3000 m 


Temperature Map 


Gradienti gjeotermal 

Temperatura rritet me thellesine sipas nje gradienti 
gjeotermal prej 2,13°C/100m ne prerjen gjeologjike 
argjilore te Pliocenit ne rajonin e Myzeqese. Gradienti 
gjeotermal arrin vlera deri 3.6°C/100m ne brezin e 
shkembinjve magmatike ne zonen tektonike Mirdita, 
veganerisht ne Shqiperine jug-lindore, prane kufirit 
shteteror shqiptaro-grek.. 


SK# 




Geothermal Gradient 

The geothermal gradient displays the highest value of 
about2.13°C/100m in the Pliocene clay section at center, 
of Pre-Adriatic Depression. In the ophiolitic belt of 
Mirdita tectonic zone, the geothermal gradient values 
increase up to 36 mK.rrv 1 , 'especially in southeastern 
Albania, towards the Albanian - Greek border. 


at depth 3 000 m 
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Geothermal Gradient Map 
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HARTA E DENDESISE SE FLUKSIT TERMIK 
HEAT FLOW DENSITY MAP 
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Sipas profilit krahinor Albanide-1 
rezulton se granitet e bazamentit 
kristalin ne zonen Mirdita jane burimi 
radiogjen i nxehtesise, qe kashkaktuar 
zmadhimin e fluksit te nxehtesise. 


According to the Albanides-1 re- 
gional section, it rasults that the crys- 
tal basement granite, have great pos- 
sibilities to be radiogenic heat source, 
increasing heat flow density. 


V . : / , | ■ 

Legend: 

o Pus (Well/ 

Borehole) 

Kr Zona Tektonike 
(Tectonic Zone) 


Dendesia e Fluksit te Nxehtesise 

Perhapja e fluksit te nxehtesise ne 
territorin shqiptar paraqet dy vegori: 

Se pari, vlera me e madhe e fluksit ne 
rajonet fushore te Myzeqese eshte 42 mW/m 2 . 
Madhesia e dendesise se fluksit te nxehtesise 
arrin deri 60 mW/m 2 ne brezin e shkembinjve 
magmatike ne zonen tektonike Mirdita. 

Se dyti, ne brezin e shkembinjve 
magmatike vrojtohen disa vatra me dendesi me 
te larte te fluksit te nxehtesise. Keto vatra jane 
te shkaktuara nga transmetimi intensiv i 
nxehtesise nepermjet thyerjeve te thella 
tektonike gjatesore e terthore. Thyerjet tektonike 
kushtezojne edhe vendosjen e burimeve te 
energjise gjeotermale, ne thellesi rreth 8-12 km, 
ku temperatura arrin deri 220°C. 


Heat Flow Density 

The regional pattern of heat flow density 
in the Albanian territory is presented by two par- 
ticularities: 

Firstly, the maximal value of heat flow is 
equal to 42 mW/m 2 in External Albanides. In the 
ophiolitic belt at eastern part of Albania, the heat 
flow density values range up to 60 mW/m 2 . 

Secondly, in the ophiolitic belt there are 
observed some hearths of higher heat flow den- 
sity. Heat flow anomalies are conditioned by in- 
tensive heat transmitting through deep and trans- 
versal fractures. These fractures are conditioned 
location of the geothermal energy sources. Ac- 
cording to the different geo-th^rmometers cal- 
culations, the aquifer estimated temperatures are 
144°C to 270°C. Based on- the geothermal 
modeling, it is supposed that Thermal waters 
rises from 8-12 km deep, where #mperature at- 
tains to 220°C. 
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temperatur 
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LTA EZpNAVE DHE BURLMET £ PUS] 


Keto burime te ujeravetermale ndodhen kryesisht 
Werffiy'd^jeve tektonike krahinore dhe ne brezat sizmikisht 
aktive. Ne pergjithesi, keto ujera qarkullojne neper 
shkembinjte karbonatike te strukturave te ndryshme dhe 
te nenahtratit me shkembinj kripore, deri disa kilometra 


Legend: 


These thermal vyater springs are mainly near zones of regional 
tectonic fractures, in-seismic' aptive belts. Generally the wa- 
ter circulates through c^boft^tjCl'rocks of the structures and 
^vaporitic beds in . soi^e ^ of depth . The water of 

fountain^ fouts. These imeVfrowwdifferent depth 

tayils (800-3T300 of limestone and sandstone reservoirs.. 


Pusi gjeotermal Kozani-8 
Kozani-8 geothermal well 


■‘"Profil gjeotermal krahinor .TnaBe- Pesh kopt ~ 7 . 
Regional Geothermal,3ection Tirana- Peshkopi. 
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GEOTHERMAL -ZONES AND THERMAL WATER RESERVOIRS IN ALBANIA 
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Zona gjeotermale e Krujes eshte zona me 
resurset me te medha gjeotermale. Ajo ka nje 
shtrirje te pergjithshme prej 180 kilometra dhe 
gjeresi 4-5 kilometra, si edhe ka resurse 
gjeotermale te identifikuara 5.9x1 0 8 -5.1 xl 0 9 G J. 
Kjo zone fillon nga bregderi i Adriatikut ne 
veriperendim te Tiranes dhe vazhdon ne 
juglindje ne territorin grek. Ajo perfaqeson nje 
varg strukturash antiklinale me berthame 
karbonatike te mbuluara nga flishi Paleogjenik 
dhe nga molasa te Tortonianit. Antiklinalet kane 
gjatesi 20-30 kilometra. Ato jane asimetrike dhe 
krahet e tyre perendimore jane te keputur nga 
thyerjet tektonike. 

Kruja geothermal zone represents a zone with 
the biggest geothermal resources. Kruja zone 
has a length of 180 km. Identified resources 
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Profil gjeotermal, Zona Gjeotermale e Krujes 
Geothermal Section, Kruja Geothermal zone 




Pusi Gjeotermal Ishmi 1/b Geothermal well Ishmi 1/b 


I M 40 eo II LIIIIO 'I 



Zona gjeotermale e Ardenices ndodhet ne 
■ Ultesiren Bregdetare te Shqiperise, ne veri te 
Fierit. Aty shtrihen struktura e Ardenices, e 
Semanit etj. Kjo zone shtrihet ne pjesen e 
Ultesires Pranadriatike ku kalojne thyerje 
krahinore tektonike. Uji del ne siperfaqen e 
Tokes nga thellesia nepermjet puseve, duke 
patur temperature rreth 32-38°C ne siperfaqe, 
dhe prurje 15-18 l/sek. Prerja gjeologjike e 
ujembajtesit ne keto struktura perfaqesohen nga 
shtresa ranoresh masive deri te imet, te veguar 
nga shtresa argjilash dhe alevrolitesh. Trashesia 
e prerjes se ujembajtesit arrin disa qindra me- 
tra, duke u ndodhur midis thellesive 1-2 km. 
Shtresat ranore te ujembajtesit kane trashesi 
nga disa metra deri ne 20 metra. 

Ardenica geothermal zone is located in the 
coastal area of Albania Jfi sandstone reservoirs. 
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Zona gjeotermale e Peshkopise ndodhet 

rreth 2 km ne juglindje te qytetit te Peshkopise. 

Atje ndodhen disa burime te vendosur prane 

njeritjetrit. Ne keta burime, uji buron ne shpatin 

e nje lumi, qe ndertohet nga depozitime flishore. 

Burimet lidhen me nje zone te tektonikes 

shkeputese te thelle, ne periferi te diapirit gipsor. 

Prurja e disa burimeve arrin deri 14-17 l/sek. 

Temperatura e ujit arrin deri 43.5°C. 

Peshkopia gjeotermal zone at northeastern 

n A A , ... area of Albania. Several springs are located with 

Prof.1 gjeotermal, Zona Gjeotermale e Arden, ees disjunctive tectonics of the gypsum djapir 

Geothermal Section, Ardenica Geothermal zone 

Deri tani vetem disa nga ujerat e burimeve termale, si ato te Llixhave ne Elbasan, ne Bilaj te 
Fushe Krujes, ne Peshkopi etj. shfrytezohen vetem per kurime te semundjeve te ndryshme. Ky 

shfrytezim 

behet ne menyre primitive, si koncept dhe si mundesi zhvillimi. 

Until now the thermal waters of some springs and wells in Albania are used with primitive 
technology only for health purposes. 






AESHFR 


EZIMIT TE ENERGJISE GJEOTERM 


NE SHQIPERI 


Shqiperia perfaqeson nje vend me potential te energjise gjeotermaiaj^entalp'ise se ulet, qe 
munfd te shfrytezohen per qellime ekonomike. Perdorimi i energjise gje3leritjpe duhet 'te behet me 
tekriologji moderne, me skeme integrale te sjafrytezimit te energjise gjeotprmale: pompa^e nxehtesise 
dhe te energjise diellore, si dhe te shfrytezohet rae menyre kaskadejipga temperaturat^e larta deri sa te 

JM ' ™ 

' Shfrytezimi i ujlFave termale te burifrieve ose te puseve behet terheqes nga fakti se ato 
pprgjithesisht ndodhen ne zona te zhvilluara nga ana urbane, me natyre piktoreske dhe prane qendrave 
Jjjstorike.. « 

^^^Stfuata gjeotermale ne ShqiperLofron tre drejtime te shfrytezimit te energjise gjeotermale, qe 
aktuatisRS^ne^othuajse te pa levruara: 

*^Se pari, perdorimi i sistemit Kembyes Nxehtesie-Pus (KNP)-Pompa 
Term ike (PT) per ngrohjen e banesave, duke shfytezuar nxehtesine e 
IIJ shtresave pranesiperfaqesore te Tokes. Nje kembyes koaksial ose ne 

' ;jE,| forme U-je i nxehtesise instalohet ne shpime 30-150 m te thelle. Lengu 

}|p qe qarkullon neper kete kembyes nxjerr nxehtesine nga shtresat e Tokes. 

%'i Kembyes te shumefishte instalohen per te ngrohur godina te medha ose 

; ! a* , per bllok godinash publike etj. . 

| Se dyti, uji i nxehte i burimeve dhe i puseve. Keto ujera mund 

Oj te perdorenirjurienyre kaskade, per hotele me pishina me uje te 

W 1 ngrohte per reKr^E cicJft.dhe defrim te popullsise duke zhvilluar 

fe turizmin, per klirfil&ffiodeme per mjekimin e semundjeve te 

ndryshme, per ngrohjen e banesave dhe te serave per lule dhe 
If* 1 perime, per ferma te rritjes sa rapateve te peshqeve , te algeve, si 

edhe per nxjerrjen e mikmApinteve dhe kriperave natyrore per 


Temoeratura e shtresave 


■ ■ arrin vlera 48 °C. Ne puse te vetmuara mund te montohen 

P r^ ||| sisteme te mbyllur qarkullues se ujit te ftohte per tu ngrohur ne 

si J thellesi. Uji i ngrohur nga nxehtesia e shkembit ngjitet lart dhe 
I mund te perdoret per ngrohjen e serave etj. sip tregohet ne figure^ 

fjo {{ I Shfrytezimi i energjise gjeotermale si energji alternative . 

jjta jlvJ ne Shqiperi duhet te filjoje sa me pare, me anen e projekteve te 

||P lipershtatshme. Investimet penshfrytezimin e energjise 

I gjeotermike jane investing te rendesishme fitimprurese. 

Burim vertikal nxehtesie 

FUTURE OF THE DIRECT USE OF GEOTHERMAL ENERGY IN ALBANIA 

Geothermal situation of low enthalpy in Albania offers three directions for the exploitation of geothermal 
energy, which is unused until now. This exploitation must realized by integrated scheme of geothermal 



1 1 

-f 


1 




!■ 


! 

BMEFt 


H 1 



i 


h 






. 

\ ■ - LH *f i* 





tJiitJiyy, 


Firstly, space-heating system, that uses ground heat in the shallow borehole “heat exchanger 
(BHE)-Heat Pumps system”. These systems, actually are presented as the most popular and technologically 
advanced. Shallow, coaxial or U-shaped BHE’s are installed in 30-1 50 m deep boreholes to extract heat from 
the ground by closed-fluid circulation . Multiple BHE’s are installed for larger units like community buildings etc. 
In many European Community Countries have been presented great efforts to reduce its dependence from 
foreign fossil fuels (Rybach L.et al. 2000). Indigenous sources of energy like that heat content of the subsurface 
is especially i n focus, also due to environmental concern ( do not generate any greenhouse effect caused by 
C0 2 emissions). 

Secondly, thermal sources of low enthalpy and with maximal temperature up to 80 °C. These are 


natural sources or wells in a wide territory in Albania, from the south near Albanian-Greek boundary to 
northeast district in Diber Region. 

Thermal waters of springs and wells in Albania may be used in several ways-; 

1 . Hotels, with thermal pools, for development of echo-tourism, and modern S^A clinics for treatment of 


different diseases. 
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Such centers may attract a lot of clients not only from 
Albania. The waters have a good curative properties and 
springs are situated in nice places, near sea side, moun- 
tains or Ohrid Lake. 

At the present, some private and public SPA, are 
located in geothermal springs and wells in Albania: 
Lixha Elbasani SPA, Bilaj Balneological Center (Ishmi 1/ 
b well), Peshkopia (Diber district) SPA, Sarandaporo 
(Leskovik Disrict) SPA, Langarica-Ura Kadiut (Permeti 
District) SPA. The oldest and most important one is 
Elbasani Llixha SPA, is located about 10 km south of 
Elbasani city and 61 km in south-east of Tirana, in the 
Central part of Albania. By national road communication, 
Llixha area is connected with Elbasani and Tirana. These 
thermal springs have been used for about 2000 years. 
According to historical data there was a thermal center in 
Elbasani Llixha thermal springs, near of the old road 
“Via Egnatia” that linked Durresi and Constantinople. 
There are about 7800 people per year treated for their ill- 
ness. Llixha Elbasani springs and Kozani-8 well have 
the possibilities for modern complex exploitation. The 
beautiful landscape of Elbasani area is not only for 
medical treatment centers but also as tourist place. 
This area is located near of the well know perarl , Ohrid 
Lake, and Gjinari mountaint , with their fantastic forests 
and nice climate. Ishmi 1/b geothermal well is located in 
the beautiful Tirana field, near of Mother Theresa 
(Tirana) Airport, near of Adriatic coastline and Kruja - 
Skendergeg Mountain 



Park Hotel- SPA- Llixha Elbasan 



I G|Thf hot water can be used also for heating of hotels, SPA and tourist centers, as well as for the preparation of 
sanitary hot water used there. Near these medical and tourist centers it is possible to built the greenhouses 
for flowers and vegetables, and aquaculture installations. 

4. From thermal mineral waters it is possible to extract useful chemical microelements as iodine, bromine, 
chlorine etc. and other natural salts, so necessary for the preparation of creams for the treatment of many skin 
diseases and as beauty care products. From these waters it is possible to extract sulphidric and carbonic gas. 
It is possible to built installations for processing of mineral waters. 

Consequently, the sources of low enthalpy geothermal energy in Albania, which are at 
the same time the sources of multi-element mineral waters, they represent the basis for a 
successful use of modern technologies for a complex and cascade exploitation of this 
energy, achieving an economica I effectiveness. Such developments are also useful to open new 
working places and improv the life level for local communities living near thermal sources. 

• Thirdly, the use of deep doublet abandoned oil and gas wells and single wells for 
geothermal energy exploitation, in the form of a “Vertical Earth Heat Probe”. The geothermal 
gradient of the Albanian Sedimentary Basin has average values of about 18.7 mK-nr 1 . At 2 000 m depth 
R r^ffl££& ature rea °h es a value of about 48°C . Near of these wells, greenhouses can be build . 
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Abstract 

Large numbers of geothermal energy of high and low enthalpy resources, a lot of mineral 
water sources represent the base for successfully application of modern technologies in Albania, 
to achieve economic effectively. There are many thermal springs and wells. Their water has 
temperatures that reach values of up to 65.5°C. 

In the paper are presented the temperatures maps at deferent depth, geothermal map, heat 
flow density map, geothermal zones map and geothermal energy resources map etc. 

At present, the thermal waters of some springs and wells are used only for health 
purposes. 


1. Introduction 

The geothermal situation of low enthalpy in Albania offers three directions for the 
exploitation of geothermal energy. Direct use of the environmental friendly geothermal energy 
must be realized by integrated scheme of geothermal energy-heat pumps and solar energy, and 
cascade use of this energy: 

• Firstly, thermal sources of low enthalpy and of maximal temperature up to 65.5°C. 

Thermal waters of springs and wells may be used in several ways: 

1. Modern SPA clinics for treatment of different diseases and hotels, with thermal pools, 
for development of eco-tourism. Such centres may attract a lot of clients not only from Albania, 
because the good curative properties of waters and springs are situated at nice places. 

2. Near these thermal springs it is possible to built the greenhouses for flowers and 
vegetables, aquaculture and agriculture products drying installations. 

3. The hot water can be used also for heating of hotels, SPA and tourist centers, as well as 
for the preparation of sanitary hot water used there. 

4. From thermal mineral waters it is possible to extract very useful chemical 
microelements and other natural salts. From these waters it is possible to extract sulphidric and 
carbonic gas. 

5. There are some low temperature mineral waters spring, example in Langarica and 
Sarandaporo springs near of Albanian-Greece border, where is possible to build installations for 
mineral potable water. 
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• Secondly, greenhouses heating and aquaculture installations, by use of the vertical heat 
exchangers in the deep oil and gas abandoned well in the complex with heat pumps and solar 
energy systems. 

• Thirdly, the Earth Heat can be use for space heating and cooling, and greenhouses heating by 
modern systems Borehole Heat Exchanger-Geothermal Heat Pumps. 

Energjia gjeotermale e shtresave ne thellesi te Tokes si edhe uji i nxehte qe permbajne 
rezervuaret gjeotermale sot perdoren gjithenje e me teper edhe per ngrohjen e serave per 
prodhimin e perimeve dhe te luleve. Jane te famshme serat ne Lardarelo te Italise, ku prodhohen 
lule ekzotike dhome. Siperfaqet e serave te ngrohura me energjine gjeotermale eshte nje investim 
me perfitime te medha, prandaj ato po shtohen nga viti ne vit ne vende te ndryshme te botes. Ne 
shtetet per rreth Shqiperise, aktualisht funksionojne shume sera, me siperfaqe si me poshte vijon: 
Macedonia 62.4 ha, Greece 34 ha, Bulgary 22 ha, Geothermal Energy use for greenhouses in 
Hungary is 206.7 MW. Ne Itali, vlen te permendet si shembull pozitiv se vitet e fundit, ne veri te 
Romes, jane ndertuar nje seri serash demostrative modeme me siperfaqe (8 x 30 x 3.70) m dhe 
(24 x 20 x 3.40) m, te cilat ngrohen me energjine e ujit gjeotermal me temperature 40°C dhe 
prurje 10 1/sek. (Koreneos C.J. etj. 1999, Bojadgieva K. etj. 1999, Campioti C. etj. 1999, Kralj P. 
1999, Arpasi M. etj. 1999, Popovska S etj. 1999): 

2. Geothermal Regime in Peri Adriatic Depression and Ionian zone 

The Geothermal Regime of the Albanides is conditioned by tectonics of the region, 
lithology of geological section, local thermal properties of the rocks and geological location. 

2.1. Temperature 

The temperature at 100 meters depth vary from less than 10 to almost 20°C. Highest 
temperature values at 100 m characterize the Adriatic coastline and the southern part of 
the country. The characteristic temperatures at 500 meters depth rise from 21 - 20°C. The 
highest temperatures, up to 36 °C, have been measured at 1000 meters depths in Peri- 
Adriatic Depression wells. The temperature is 105. 8°C at 6000 meters depth, in the central 
part of the Peri-Adriatic Depression. The isotherm runs parallel the Albanides strike. The 
configuration of the isotherm doesn’t change down to a depth of 6000m. Going deeper and 
deeper the zones of highest temperature move from southeast to northwest, towards the 
center of the Peri-Adriatic Depression and even further towards the northwestern coast. 
The described geothermal field, with relatively low values of temperature, is a characteristic 
of the sedimentary basins with a great thickness of sediments. 

2.2. Geothermal Gradient 

In the External Albanides the geothermal gradient is relatively higher. The 
geothermal gradient displays the highest value of about 21.3 mK.ni 1 in the Pliocene clay 
section in the center of Peri-Adriatic Depression. The largest gradients are detected in the 
anticline molasses structures of the center of Pre-Adriatic Depression. The gradient 
decreases about 10-29% where the core of anticlines in Ionic zone contains limestone. 
Elsewhere in Ionian zone, the gradient is mostly 15 rnkm 1 . The modeling results show that 
deeper than 20 km is observed decreasing of the gradient. This change of the gradient is 
coincided with the top of the crystal basement. 


2 
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In the Albanian Sedimentary Basin, geothermal gradient changes from one 
formation to the others. The geothermal gradient greatest values were observed in the clay 
sections. Whereas decreases of geothermal gradient are observed with increasing of sand 
content at geological section. 

Local variations of the temperature and their geothermal gradient values are observed on a 
distances of 7-8 km. For example, at a depth of 3000m on these distances the temperature may 
vary from 8-9°C. The geothermal gradient values changes from 10.5 to 17.5 mK.m" 1 , even in 
vertical direction. 

There occur deviations from the normal trend of the above-mentioned phenomenon in 
case of lateral influences. 

Over-pressure in the molasses of the Albanian Sedimentary Basin has a great influence on 
the values of geothermal gradient (Li go R. et al. 1998). 

2.3. Heat Flow Density: 

Regional pattern of heat flow density in Albanian territory is presented in the Heat Flow 
Map. There are observed two particularities of the scattering of the thermal field in Albanides: 

Firstly, maximal value of the heat flow is equal to 42 mW/m 2 in the center of Peri- 
Adriatic Depression of External Albanides. The 30 mW/m' 2 value isotherm is open towards the 
Adriatic Sea Shelf. Heat flow density values are lower than 25-30 mWm' 2 in Albanian Alps area. 
This phenomenon has taken place owing to the great thickness of sedimentary crust, mainly 
carbonatic one in this zone. 

Secondly, in the ophiolitic belt at eastern part of Albania, the heat flow density values are 
up to 60 mW/m 2 . 


2.4. Water Resources of Geothermal Energy 

Large numbers of geothermal energy of low enthalpy resources are located in different 
areas of Albania. Thermal waters with a temperature that reach values of up to 65.5°C are 
sulphate, sulphide, methane, and iodinate-bromide types (Tab. 1, Tab. 2). 

THE THERMAL WATER SPRINGS IN ALBANIA 


Tab. 1 


No. 

spring 

Spring and region 

Temp 

°C 

Geographic coordinates 

Yeild 

1/sek 

Latitude N 

LE 


1 

Mamurras 1 & 2 

21-22 

41°31'3" 

19°38'1 

11.7 

2 

Shupal, Tirana 

29.5 

41°26'9" 

19°52'2 

<10 

3-a 

Llixha Elbasan 

60 

41°01’9 

20°05' 

15 

3-b 

Hydrat, Elbasan 

55 

41°1’3 

20 oU 5’15 

18 

4 

Peshkopi 

43.5 

41°41'2 

20°24' 

14 

5 

Ura e Katiut 
Langarice, Permet 

30 

40°14’4 

20°22 

>160 

6 

Vromoneri, 

Sarandoporo, 

Leskovik 

26.7 

40°5'6 

20°37'3 

>10 

7 

Finiq, Sarande 

34 

39°52'9 

20°03' 

<10 

8 

Perroi i 

Holtes, Gramsh 

24 

40°55’5 

20°09'4 

>10 


3 
























311 


9 

Postenan, Leskovik 

Burim 

avulli 

40°10’4 

20°33’6 


10 

Kapaj, Mallakaster 

16.9- 

17.9 

40°32’5 

19°19’3 

12 

11 

Selenice, Vlore 

35.3 

40°32’5 

19°35’5 

<10 


In many deep oil and gas wells there are thermal water fountain outputs with a 
temperature that varies from 32 to 65.5°C (table 2, Plate 17) 

THERMAL WELLS IN ALBANIA 


Tab. 2 


No. 

Well 

Temp. 

Geographica 

Coordinates 

Yeild 



in °C 

Latitude N. 

Longitude E. 

1/sek 

1 

Kozani 8 

65.5 

41°06' 

20°011 

10.3 

2 

Ishmi 1/b 

60 

41°34' 

19°41' 

3.5 

3 

Galigati 2 

45-50 

40°57'1 

20°09'4 

0.9 

4 

Letan 

50 



5.5 

5 

Bubullima 5 

48-50 

41°19'3 

19°40'6 

<10 

6 

Ardenica 3 

38 

40°48'8 

19°35'6 

15-18 

7 

Semani 1 

35 

40°50' 

19°26 

5 

8 

Semani 3 

67 

40° 49’, 8 

19°25’ 

30 

9 

Ardenica 12 

32 

40°48'7 

T9°35'7 

<10 

10 

Verbasi 2 

29.3 
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Until now only thermal waters of the springs 1, 2, 4, and 6 and wells 1, 2, 3 in Albania are 
used only for health purposes by old technologies of the SPA. 

Albanian geothermal areas have different geologic and termo-hydrogeologic features. 
Geothermal areas are linked with disjunctive tectonics and seismological active belts. 


2.5. Geothermal Zones 

Thermal sources are located in three geothermal zones: 

Kruja geothermal zone, represents a zone with bigness geothermal resources. Kruja 
zone has a length of 180 km. Kruja Geothermal Zone is extended from Adriatic Sea at North and 
continues in South-Easter area of Albania and in Konitza area in Greece [Frasheri A. et al. 2003, 
Fytikas M.D. and Taktikos S. 1993]. Geothermal aquifer is represented by a karstified neritic 
carbonatic formation with numerous fissures and micro fissures, with an. effective porosity is 
less than 1% and the permeability ranges from 0.05-3.5 mD. The hydraulic 
conductivity of the limestone section varies between 8.6 x 10-io - 8.8 x 10 8 m/s and 
the transmissivity ranges from 8.6 x lO 7 - 8.5 x 10 5 m2/s. 

Surface water temperatures in the Tirana-Elbasani zone vary from 60° to 65.5°. In the 
aquifer top in the well trunk of Kozani - 8 temperature is 80°C. Hot water has a salinity of 4.6- 
19.3 g/1. Elbasani Llixha water contains Ca, Na, Cl, SO4, and H2S [Avgustinsky et al., 1957] 
while in the Tirana-Elbasani, thermal waters are of Mg-Cl type. They contain the cations Ca, Mg, 
Na and K, as well as the anions Cl, SO4, and HCO3 with pH to 6.7-8 and density of 1.001-1.006 
g/cm 3 . 

Elbasani Nosi Llixha water has the following formula [Avgustinsky V.L. 1957]: 
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^ 2 ^ 0.403 


CJ VO 4 

1V1 7.l 


Na 46 Ca 35 


The Langarica river thermal springs, near of the very beautiful Vjosa River valley, 
Postenani steam springs (Plate 24-a) and the Sarandaporo springs (Plate 24-c) can be found in the 
S of the Kruja geothermal area. Thermal water flows out from the contact between Eocene 
fissured and karstified limestone and the flysch section. The steam flows from tectonic fault. 

At both Langarica River shores, are located thermal Benja thermal springs, well know 
from the Romanian period. These waters are much different. They do not contain H 2 S, CO 2 and 
are a factor of 7-9 times less mineralized than waters from the Tirana-Elbasani zone. Mineral 
water of these springs is drinkable. Water temperature is 29 °C. Yield is 30-40 liters/sec. 

Near of Albanian-Greek border is located Sarandaporos thermal and mineral drinkable 
water springs. The temperature is 27.6 °C. Yield more 40 liters/sec. Geothermal springs at 
Kavasila in Greece are located in southern Sarandaporo riverside. Kavasila thermal springs and 
Sarandaporo in Albanian side are springs are presented the single geothermal system, which at 
northern direction is continued with steam springs in Postenan Mountain in Leskovik and Benja 
geothermal springs in Permeti. 

Ardenica geothermal zone is located in the coastal area of Albania, in sandstone reservoirs. The 
Ardenica geothermal area is situated 40 km N of Vlora within the Peri-Adriatic Depression. It 
comprises several molasses Neogene brachyanticlines The Ardenica geothermal area is 
intercepted by the Vlora-Elbasan-Dibra transversal fault. The Ardenica geothermal reservoir 
comprises sandstone sections of Serravalian, Tortonian and Pliocene age. These sandstone layers 
are composed of coarse, medium and fine grains. Effective porosity of the aquifers is about 15.5 
% and the permeability reaches 283 mD. Hydraulic conductivity is 4.98 m/s and transmissivity 
has a value 8.9 x 10' 5 m 2 /s. These reservoir properties translate into an output of 5-18 1/s. 

Ardenica thermal water is Ca-Cl type, with 21.2 mg/1 iodine, 110 mg/1 bromide and 71 
mg/1 boric acid, and has a formula: 


M 


58.8 


Cl 

Na i6 


Peshkopia geothermal zone is located in the Northeast of Albania. At distance of two 
kilometers east of Peshkopia, water at 43.5°C flows out of a group of thermal springs on a river 
slope composed of flysch deposits. Some of the springs yield flow rates up to 14 1/s. Water 
temperature is 43.5 °C. The occurrence of these springs is associated with a deep fault at the 
periphery of a gypsum diapir of Triassic age that has penetrated Eocene flysch, which surround it 
like a ring. 

The thermal waters are of sulphate-calcium type, with a mineralization of up to 4.4 g/1, 
containing 50 mg/1 H 2 S. Their chemical formula is [Avgustinsky V. L. 1957]: 


^ 2 *^ 0.0495 ^ 4.4 


soL 

Ca 65 
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2.6. Geothermal Resources 

Kruja Zone, concentrates most geothermal resources in Albania. The most important resources, 
explored until now, are located in the Northern half of Kruja Geothermal Area, from Llixha- 
Elbasan in the South to Ishmi, in the North of Tirana. For the Tirana-Elbasani subzone heat in 
place (H 0 ) is 5.87 x 10 18 - 50.8 x 10 18 J, identified resources (HO are 0.59 x 10 18 - 5.08 x 10 18 J, 
while the specific reserves ranges between values of 38.5-39.6 GJ/m 2 . 

The second subzone, Galigati, has lower concentration of resources 20.63 GJ/m 2 , while 
geothermal resources amount to 0.65 x 10 18 J. These reserves have been extrapolated for this 
whole subzone up to the Albanian-Greek border. 

Ardenica Zone. Ardenica reservoir has 0.82 x 10 18 J. Resources density varies from 0.25-0.39 
GJ/m 2 . The boreholes have been abandoned and await renewed investment into geothermal 
exploration. 

Peshkopia zone. Water temperature and big yield, stability, and also aquifer temperature of 
Peshkopia Geothermal Area similar are with those of Kruja Geothermal Area. For this reason 
geothermal resources of Peshkopia Area have been estimated to be similar to those of Tirana- 
Elbasani area. 

3. Direct use of geothermal energy for greenhouses heating in Albania. 

Energjia gjeotermale per ngrohjen e serave perftohet ne dy rruge: 

1 . Nga ujerat gjeotermale qe fontanojne nga burime dhe puse te thelle 

2. Duke perdorur sisteme moderne Kembyes Nxehtesie Vertikale ne puse te thelle, 
duke i kthyer ato ne Burime Vertikale Nxehtesie (Clauser Ch. 1997, Chuanshan D etj. 
1995, Lund J.W. 1996). 

a) Puset e thelle qa japin uje te nxehte, energjine diellore ose te eres. 

Midis puseve te braktisur te naftes dhe te gazit, sig u tregua ne paragrafin 2-4, ka nga ata 
qe kane fontanuar uje termal, me temperatura dhe debite te ndryshme. Uji i nxehte i ketyre 
puseve mund te sherbeje per ngrohjen e serave. Veg puseve qe tregohen ne paqyren e mesiperme, 
mund te gjenden edhe puse te tjere ne kushte analoge qe te pervehtesohen per uje termal. 

Por, nga puset e treguar ne kete tabele ka qe tashme jane likuiduar, si pusi Semani3, i cili 
ndodhet ne det. Ka te tjere si Ardenica- 12 qe eshte mbushur me hekurishta. 

Prandaj rekomandojme se eshte me shume vlere te ndermerret nje studim qe te kete per 
objektiva: 

• Evidentimi i te gjithe puseve qe kane fontanuar uje te nxehte, si edhe parametrat 
hidrogjeologjike e hidrokimike te tyre. 

• Vleresimi i gjendjes teknike te tyre dhe i mundesive teknike konkrete per venien e 
tyre ne shfrytezim. 

• Prognoza per gjetjen e puseve te tjere te braktisur qe mund te pervehtesohen per uje te 
nxehte, ne afersi te puseve qe tashme njihen si gjeotermale, ose ne kushte gjeologo- 
strukturore analoge. 

• Studimi i kushteve hidrogjeologjike dhe teknike te puseve gjeotermale te rinj te 
mundshem, nga fondi i puseve te braktisur. 
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b) Puset e thelle te braktisur te naftes e gazit, si burime vertikale nxehtesie, dhe 
energjine diellore. 

Nje burim tjeter i energjise termike eshte shfrytezimi i puseve te naftes dhe te gazit te 
abandonuar, te cilet ndodhen ne zonat me gradient gjeotermik te larte, ose jane te thelle dhe kane 
temperature te larte ne fund te tyre. Ato sherbejne si "Burim drejtvizor vertikal te nxehtesise". 
Ne kapitullin 6 do te paraqiten rezultatet e modelimit per mundesine e perdorimit te puseve qe 
ndodhen ne Ultesiren Parandriatike dhe ne zonen Jonike si Burim drejtvizor vertikal nxehtesie. 

Nxehtesia e shtresave te thella te Tokes mund te nxirret me anen e kembyesve vertikale te 
nxehtesise qe vendosen ne trungun e pusit. Keto kembyes mund te jene ne formen e U-se ose 
koaksiale (fig.2). Efektiviteti i ketyre burimeve vertikale te nxehtesise percaktohet nga shume 
faktore: 

• Thellesia e pusit, 

• Gradienti gjeotermal, 

• Vetite termofizike te shkembinjve qe ka pershkuar pusi, 

• Konstruksioni i kembyesit te nxehtesise qe futet ne pus, 

• Regjimi i qarkullimit te ujit ne sistemin pus-kembyes vertikal nxehtesie. 

• Cilesia e izolimit termik midis tubingut dhe hapesires unazore si edhe, 

• Efektet e kapacitetit te kembyesit vertikal te nxehtesise. Optimizimi i instalimit (tuba 
termikisht te izoluara por te shtrenjte dhe tuba plastike te lire por me efektivitet me te 
ulet) duhet te merret ne konsiderate lidhur me kerkesat per nxehtesi (temperature dhe 
kapacitet). 

Mbeshtetur ne te dhenat gjeotermale per puse ne Ultesiren Pranadriatike, Dr.Johaim 
Popey, ne Geothermie Neubranderburg GmbH, Gjermani, me kerkesen tone beri modelimin 
mathematikor e nje “Burimi Vertikal Nxehtesie”, duke percaktuar temperaturen dhe kapacitetin 
te ujit ne gryken e pusit, pas gjysem viti qarkullim te panderprere. Ne modelim jane ndryshuar 
debiti i ujit, temperatura e ujit qe injektohet ne pus dhe standardi i izolacionit te tubove. Debitet e 
vogla jane giftuar me temperatura me te larta ne gryken e pusit, por me kapacitet me te vogel. 
Gradienti gjeeotermal eshte marre 0.018 K/m. 

Ne tabelen e meposhtme jepen rezultatet e modelimit mathematikor: 


Debiti i ujit 
M 3 /ore 

Temperatura e ujit 
qe injektohet 
°C 

Standardi i 
izolacionit termik 

Temperatura e ujit te 
ngrohte ne gryke te 
pusit 
°C 

Kapaciteti termik, 
Ne kW 

2 

10 

Tub plastik 

22 

27 


0 


17 

40 

10 

10 

25 

174 


0 

20 

225 


2 

10 

Ajer 

40 

69 


0 

38 

88 

10 

10 

29 

215 


0 

24 

275 


2 

10 

Vakum 

56 

106 


0 

56 

128 

10 

10 

30 

235 


0 

26 

297 
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Ne fig. 10 paraqiten grafiket e temperatures per dy tipe izolacioni: tub plastik i perforcuar 
me izolacion xhami dhe per tub me izolacion me vakum te thelle. Tubingu 2” 7/8, debiti 2 m 3 /h, 
temperatura e ujit qe injektohet 10°C, gradienti gjeotermal 0.018 K/m. 

Nga keto te dhena te modelimit rezulton se ne impiant duhet vendosur pompe nxehtesie 
qe tubot plastike me te lire te kene eficence te mjaftueshme per furnizim nxehtesie. 

Per te patur temperatuyre te larte te ujit qe del nga pusi, duhet te realizohet qarkullim i 
panderprere gjithevjetor i ujit ne kembyesit e nxehtesise te vendosur pus. Gjate veres, kur 
temperaturat jane te larta, uji i nxehte mund te perdoret nepermjet pompes se nxehtesise per 
freskimin e seres. Uji termik i tepert mund te perdoret per tharjen e frutave dhe perimeve. Ky 
drejtim i fundit sot gjen perdorim me efektivitet ne shume vende. 


4. Vleresimi energjise termike per ngrohjen e seres. 

Per shfrytezimin optimal te energjise gjeotermale per ngrohjen dhe freskimin e seres po 
parashtrojme kushtet e zbatimit per sera industriale me xham, tip 3.20 x 2.86 (3.00)). Keto sera 
sherbejne per kultivim perimesh si domate, kastraveca, speca etj dhe lule. Karakteristikat 
biologjike me te pergjitheshme te ketyre bimeve jane: 

1. Temperaturat nen 0°C jane letale dhe si te tilla eskludohen ne punen e seres. 

2. Temperatura e stresit eshte nen +7°C. 

3. Temperatura 10°C eshte temperatura minimale qe duhet te jete ne sere. 

4. Temperaturat optimale per naten jane +10°C deri +14°C. 

5. Temperatura optomale per diten jane +18°C deri +28°C. 

6. Mbi +30°C deri +33°C fillon stresi ditor dhe cdekja e bimes. 

Temperatura e ujit qe disponohet nga nje burim vertikal nxehtesie ne nje pus, si§ u tregua 
ne paragrafin 6.1. eshte 30°C dhe debiti Q = 3 1/sek. 

Eshte parashikuar qe sera demostrative qe projektohet te ndertohet ka nje siperfaqe S = 0. 

5 ha = 5 000 m 2 . 

Nga te dhenat hidrometeorologjike te paraqitura ne kapitullin 5, per koeficient sigurie 
10% , temperatura minimale ne zonen e Fierit eshte tmi n = - 8.6°C. 

Sera ka dy humbje kryesore te energjise termale: 

1. Humbja per diferencen e temperaturave jashte (tj) dhe minimale e lejuar brenda (tb) seres 

H u 

H„=(h-t,hKyS r 

Per rastin e rajonit te Fierit, diferenca e temperaturave At = t b - tj = 10° - (-8.6° ) = 8.6° C. 

ku: K eshte koeficient mesatar i pergueshmerise termike, qe per rastin e dhene u pranua 4 
k.kal/(m 2 .ore.°C). 

S p - siperfaqja e pergjitheshme e seres, qe per rastin e dhene eshte: 

5 000 m 2 + 300 x 2.4 = 5 720 nr 
(300 m eshte primetri i seres dhe 2.4 lartesia mesatare e saj). 

Prandaj: 

H u =18.6x4x5720=425568 kKal/ore 

2. Humbja per ajrim te seres ( ventilim ): 

H. =1.5 xVxAt 

UJ 

ku: V- vellimi i seres, ne m 3 , qe per erastin e dhene eshte V = 500 x 2.4 = 12 000 m 3 
Koeficienti 1.5 rezulton nga produkti i nxehtesise specifike te ajrit (0.3 kKal/m 3 ) me numrin e 
ajrimeve ne ore, qe arrin ne 5. 

Prandaj: 
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H. =1.5x12000x18.6° =334800 kKal/ore 

UJ 

Kesisoj, humba e pergjitheshme do te jete” 

H per =H u + H aj = 760368 kKal/ore 


Energjia qe perfitohet nga uji termale: 

Energjia qe perftohet gjate nje ore pompim i ujit termal ne sere, me kusht qe te ruhet 
t min =10°C ne brendesi te seres do te jete: 

E.=(C -C„)»e, nekKal/sek 

ku: t°j - temperatura e ujit termal 


t°mm ‘ temperatura minimale qe duhet te ruhet ne sere 
Q - debiti i ujit gjeotermal, ne 1/sek 
Per nje ore E = E u x 3600” 

Prandaj: 


E = (30° C - 10° C) x 3 x 360 = 216000 kKal/ore 


Krahasimi i energjive: 

Duke krahasuar energjine e humbur (H per& j) sere me energjine E te perftuar nga 
pompimi i ujit termal rezulton: 

A E = H . - E = 760388-216000 = 544388 kKal/ore 

Si£ duket, uji gjeotermal i dhene nga pusi, nepermjet burimit vertikal te nxehtesise 
(Kembyesit Vertikal te Nxehtesise) nuk ka sasine e nevojshme te energjise per te ngrohur sere. 
Ne keto kushte, per te realizuar ngrohjen e nevojshme te seres, parashikohen disa variante: 

a) Rritja e temperatures se ujit termal. 

Duke shfrytezur barazimin: 

E — Hpgrgj OSe E Hpgrgj — 0 

dhe duke paraqitur qe per temperaturen e rritur e ujit t u jiti mund te shkruhet 

tujitl = t u + At 

ku: At- madhesia e rritjes se temperatures 
dhe rezulton: 

[(30°C + At) - 10] x 3 x 3600 = 760 388 kKal/ore 
pra At = 50.4°C dhe temperatura e ujit duhet te jete: 

tujitl = tu + A t = 30°C + 50.4°C = 80.4°C 


b) Rritja e debitit te ujit termal: 

Nese debiti i ujit termal do te jete 11 1/sek me temperature 30°C, energjia e perfituar ne ore do te 
jete: 

E u = (t° U j ~ Cn ) X Q = (30 - 10) x 1 1 x 3600 = 792 000 kKal/ore. 

Energji e mjafuteshme per seren me siperfaqe 0.5 ha. 

Vleresimi i temperatures minimale ne sere te kompensuar nga temperatura vetiake e ujit: 

Nese per seren do te perdoret vetem uji me debit 3 1/sek dhe temperature 30°C, rezulton qe 
temperatura qe humbet sera do te percaktohet si me poshte vijon: 

H. =H„ + H. = At x 4x5720 + At x 1.5x120000 = 

= At K4x 5720 + 1.5x12000) 
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duke pozuar At = 10°C -tj 
do te rezultoje: 

H per = 216000 

Ose (10 - tj) (4 x 5720 + 1.5 x 12000) = 216000 
Dhe qe ketej 

Tj = + 4.72°C 

Llogaritja e energjise suplementare te nevojshme: 

Per ruajtjen e regjimit biologjik te nevojshem ne sere, per temperature te jashtme nen 
+ 4.72°C, mbeshtetur ne te dhenat hidrometeorologjike te dhena ne tabelen 2 te kapitullit 5 mbi 
kushtet klimatike te rrethit te Fierit, duket se (fig. 11): 

1) Temperatura -9.9°C deri -5°C (mesatarisht -7.45°C) ndodhin vetem per 0.1 dite ose 
2.4 ore. 

2) Temperatura -4.9°C deri0°C (mesatarisht -2.45°C) ndodhin vetem per 0.8 dite ose 
19.2 ore. 

3) Temperatura 0°C deri 5°C (mesatarisht +3°C) ndodhin vetem per 14.8 dite ose 355.2 
ore. 

dhe per secilin rast llogarisit energjine e humbur: 

1) [4.72 - (-7.45)] x 40880 x 2.4 ore = 1 194 023 

2) [4.72 - (-2.45)] x 40880 x 19.2 ore = 5 627 704 

3) [4.72 - 3] x 40880 x 355.2 ore = 2 497 5391 

Gjithesej 31 797 118 kkal ne 15.7 dite ne vit ose 376.8 ore 

ne vit 

Nese do te perdoret mazut per ngrohje, me fuqi 10 000 kKal/kg, per te perballuar kerkesat per 
energji suplementare gjate ketyre 376.8 oreve ne vit me temperatura me te ulta se minimalja e 
kerkuar e seres do te nevojiteshin: 

3200 kg: 0.8 = 4000 litra 
sasi kjo shume e vogel e karburantit te nevojshem gjate vitit. 


5. Teknologjia e propozuar per ngrohjen e ujit per seren 


Uji i seres do te ngrohet s me dy variante skemash: 


a) Me skeme te kombinuar: 

Kjo skeme perbehet nga dy pjese: 

• Kembyesi vertikal i nxehtesise ne pusin e thelle. Sipas modelimit ky pus do te jape 3 
1/sek uje me temperature 30°C. 

• Per te patur ujin me temperaturen e nevojshme 40°C, ne paralel me linjen e kembyesit 
vertikal te nxehtesise ne pusin e thelle, do te vendoset nje linje me kembyes vertikal te 
nxehtesise ne pus te ceket (100 m te thelle) me pompe gjeotermale nxehtesie, e cila do 
te jape 7 1/sek uje me temperature me te larte, qe do te perzihet me ujin nga pusi i 
thelle, deri sa te arrihet temperatura e ujit 40°C dhe me prurje 10 1/sek, aqe sa kerkon 
procesi i ngrohjes se seres. 

b) Me Pompe gjeotermale nxehtesie me burim termal ujin e shtresave te basenit prane 
siperfaqesor zhavorror te kuatemarit. 
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Nje nga rruget me efektive sot ne bote per zhvillimin e sektorit energjtik eshte shfrytezimi 
me efektivitet i te gjithe burimeve energjitike dhe ne vecanti shfrytezimi i burimeve te 
rinovueshme te energjise. Ne shfrytezimin e burimeve te energjise sic u theksua nje vemendje te 
madhe ka marre shfrytezimi i burimeve te rinovueshme te energjise te integruara keto me 
teknollogji shume te avancuara sic jane impiantet e nxehtesise. 

Pompat e nxehtesise krijojne shume avantazhe sidomos per shfrytezimin e burimeve 
sekondare te energjsie sic jane ujrat e ndryshme te proceseve industriale me nje temperature me 
te madhe se temperatura e mjedisit dhe vecanerisht per shfrytezimin e burimeve energjitike me 
potencial te ulet temeperature. Eksperienca shqiptare e deritanishme ne shfrytezimin e impianteve 
te pompave te nxehtesise eshte ne keto drejtime: 

• Ne vitin 1990-1993 ne Departamentin e Energjitikes, Universiteti Politeknik i Tiranes, u 
be e mundur ndertimi i nje impianti te integruar te shfrytezimit te energjise diellore me 
anen e pompes se nxehtesise. Uji pas ngrohej ne impiantin e panelit diellore deri ne 
temeraturen 27-55 °C (ne varesi te stines) per ti rritur temeraturen deri ne potencialin e 
kerkuar perdorej impianti i pompes se nxehtesise, e cila bente te mundur rritjen e 
temperatures deri ne nivelin prej 60-90 °C te kerkuar nga ana e konsumatorit. 

• Me ndryshimet me medha ekonomike dhe shoqerore qe ndodhen ne periudhen e 
transzicionit, energjia elektrike si burim me komod, me pak i kushtueshem, meqenese 
shume burime te tjera nuk ndodheshin me tregun shqiptar dhe meqenese energjia elektrike 
filloj te mos paguhej nga disa konsumatore solli perdorimin e energjise elektrike per 
ngrohje ne permasa shume te gjera. Ky konsum i teperuar i energjise elektrike ne familje 
sidomos per ngrohje solli krizen energjetike qe ne po perjetojme sot. 

Ne vitet 1998-2003 dhe ne vazhdim filloi penetrimi i impianteve te pompave te nxehtesise “ajer- 
ajer” per ngrohje dhe freskim, impiante te cilat ne gjuhen e thjeshte quhen kondicionere. Parimi 
baze i ketyre impianteve eshte se ata bejne te mundur shfrytezimin e nxehtesive dytesore me 
potencial te ulet qofte edhe dhe duke harxhuar pune ne kompresorin perkates te ketij impianti 
behet rritja e potencialit te temperatures mbi nivelin e kerkuar nga konsumatori. 

Le te pershkruajme impiantin e pompes se nxehtesise qe mund te jete “ajer - ajer” sic 
eshte rasti i impianteve shtepiak dhe atyre “uje - uje”, i cili mendohet te perdoret per 
shfrytezimin e energjise gjeotermale. Nxehtesia me potencial te ulet temperature e ujit gjeotermal 
kalon ne nje kembyes nxehtesie “te emertuar avullues” ne te cilin behet e mundur kalimi i 
nxehtesise nga energjia gjeotermike tek trupi i punes freoni. Me tej freonit i rritet temperatura 
nepermjet kompresorit te pompes se nxehtesise deri ne nje nivel 7-10 °C mbi nivelin e kerkuar 
prej konsumatorit. Kjo ben te mundur qe nxehtesia nga freoni te kaloje tek uji (mbartesi i 
nxehtesise) qe do te beje te mundur ngrohjen e te gjithe mjediseve. Pasija e pompes se nxehtesise 
ne te cilen behet i mundur transmetimi i nxehtesise nga freoni tek uji quhet kondesator i pompes 
se nxehtesise. Pas kondesatorit freoni kalon tek ventili droselues ne te cilin behet i mundur renia 
e presioni dhe pas kalon ne avullues dhe pas kesaj cikli perseritet vazhdimisht. 


Pompa gjeotermale do te furnizohet me 10 1/s uje me temperature rreth 15-16 °C. Pusi do 
te shpohet me diameter 212 mm, ne te do te vendoset elektropompe zhytese me debit 10 1/s dhe 
ngritje te ujit 30 m. Sipas te dhenave hidrogjeologjike, thellesia e tavanit te shtresave zhavorrore 
ne rajonin e Myzeqese eshte rreth 30 m. Niveli statik i ujit eshte ne 7 m. Pompa do te vendoset ne 
thellesine 15 m, rreth 2 m mbi nivelin dinamik te ujit. Pusi do te kete thellesi 50 m. Gjithe shtresa 
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e hapur e zhvorreve do te jete paisur me filtrin. Kolona e rrethimit do te jete metalike 6”. Uji i 
nxjerre nga elektropompa, nepermjet linjes se dergimit do te pompohet ne impiantin e pompes 
gjeotermale te nxehtesise. 

Pas daljes se ujit nga pompa e nxehtesise do te injektohet serish ne shtrese, nepermjet nje 
pusi me diameter 125 mm, thellesi 40 m, me kolone plastmasi rrethimi. 


Ne vijim jepen llogaritjet per permasimin e pompes se nxehtesise sipas skemes se 
meposhtme. 

Parametrat kryesore te seciles pike te ciklit te pompes se nxehtesise jane: 

Pika 1 ne hyrje te kompresorit: il= 190.49 kJ/kg 
Pika 2 ne dalje te kompresorit: i2=208.80 kJ/kg 
Pika 3 ne dalje te kondesatorit: i3=84.94 kJ/kg 
Pika 1 ne dalje te ventilit droselues: i4=84.94 kJ/kg 

Nxehtesia qe merret ne avulluesin e pompes se nxehtesise: 

Q 2 =(i l -i 4 )xm freonit =2933kW 

m fremi , *>'i ~h) = *n ujit => m freonit = 2.11kg freon/ sekond 

Puna qe do te harxhohet ne kompresor: 

L = — - — = 83.5 kW 

Vo *V mek *Velek 


Konkluzioni i kesaj analize eshte qe pompa e nxehtesise do te zgjidhet me nje fuqi 
elektromotorri 83.5 kW. 


5.2. Teknologjia e Burimit drejtvizor vertikal te nxehtesise ne pus. 

Burimi drejtvizor vertikal i nxehtesise ne pus do te ndertohet me nje kembyes nxehtesie 
koaksial deri ne thellesine 3000 m. Ne pus do te futet nje kolone e termoizoluar. Tubingu do te 
kete diameter 2”7/8. Uji do te injektohet nga kezingu, neper hapesiren unazore midis kolones se 
rrethimit te pusit dhe kolones se termoizoluar te kembyesit te nxehtesise. Uji i nxehte do te dale 
nepermet tubingut te kolones. 

Qarkullimi i ujit ne burimin drejtvizor vertikaldo te nxehtesise do te behet me anen e nje 
pompe centrifugale zhytese e tipit SP 8A-10, me debit 3 1/sek dhe prevalence uji deri 30 m. 
Pompa do te vendoset ne thellesine 25 m. Fuqia e pompes eshte 1.5 kW. 


6. Vleresimi paraprak i efektivitetit ekonomik te shfrytezimit te nxehtesise se shtresave te 
thella dhe te cekta te tokes per ngrohjen e serave. 
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6.1.Vleresimi paraprak i investimeve te nevojshme per ndertimin e nje sere demonstrative 

Me poshte paraqit analiza e zerave te punes dhe kosto per njesi te seres industriale ne xham, me 
permasa 3.20 x 3.00 = 9.60 m 2 . 

a) Punime ndertimi: 

Per nje plinte, me permasa 35 x 35 x 20 cm, me beton arme e markes 200, dhe me vellim 

0.024 m 3 , si edhe nje kolone beton arme qe vendoset tek ajo. Kolona beton arme ka permasa 
12 x 12 x 100 cm, me vellim 0.014 m 3 . Plinta dhe kolona kane 2 kg hekur betoni 2 kg , me 
diameter 6-8 mm. Vellimi dhe kosto eshte si me poshte vijon: 

1. Germim dheu 1 m 3 x 552 leke = 552 leke 

2. Beton arme “M200”, 0.04 m 3 x 13 100 leke = 524 leke 

3. Hekur betoni 2 kg x 65.2 leke = 130.4 leke 

Gjithesej 1 206.4 leke 

b) Furnizimi dhe vendosja e konstruksionit metalik te seres: 


10 kg/m 2 x 9.6 m 2 = 96 kg « 100 kg 


100 kg x 280 1/kg = 28 000 leke 


c) Furnizimi e vendosje xhami pa ngjyre, me trashesi 4 mm 


Siperfaqja e mbuleses dhe siperfaqja anesore per seren 0.05 ha eshte 633.2 m 2 . Siperfaqja e nje 
njesie te seres: 


^x9.60 = 12.13 m 2 
500.0 


Ku: 500 m 2 , siperfaqja e projektuar ne plan horizontal e seres. 


2 2 

Furnizimi dhe vendosja e xhamave 12.13m x 900 leke/m = 10 942 leke 


d) Sistemi i ngrohjes (radiator et) 
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1. Furnizimi dhe vendosja e 4 tubove gelik me diameter 50 mm, trashesi 2.2 mm, me peshe 2.97 
kg/m dhe aksesoret: 

4 tubo x 3.00 m x 2.97 kg/m = 35.64 kg 
35.64 kg x 210 leke/kg = 7 484 leke 

2. Rakorderi + termoizolime te veganta, afersisht 120 leke 

Gjithesej 7 604 leke 


e) Sistemi i ajrimit 

Sipas te dhenave ekzistuese kosto rreth 1 000 leke per njesi sere 

f) Sistemi i ujitjes 

1. Furnizim dhe vendosje tuba P.V.C. + rakorderi 

afersisht 3.00 m x 0.2 kg/ml x 10 leke = 60 leke 

2. 3 x sprucatore me kosto 1 000 leke 

Gjithesej 1 060 leke 

i) Paisje elektrike dhe te ndryshme rreth 1 000 leke per njesi 

Totali (a) + ( b) + ( c) + (d) + (e)+ (f) = 58 296 leke 
Plus shpenzime plotesuese dhe TVSH, gjithese 30% = 17 489 leke 


Totali = 75 785 leke per njesi sere 

75 785 1/njesi : 9.9 m 2 njesia = 7 655 1/m 2 

Per kosto e ndertimit te seres demostrative me siperfaqe 0.05 ha do te jete 
7 655 x 500 m 2 =3 827 500 leke ose rreth 32 000 USD 

6.2.Shpenzimet per paisjen e pusit dhe te linjes se pompes gjeotermale te nxehtesise: 
A) E pusit te thelle 

• Pompa e qarkullimit te ujit 180 000 leke. 
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• Kolona e kembyesit vertikal te nxehtesise. Deri tani, megjithe perpjekjet e bera nuk kemi 
mundur te sigurojme oferte per blerjen e kolonave speciale te termoizoluara, me (jmimet 
perkatese. Ky mbetet problem qe kerkon zgjidhje ne te ardhmen. 


B) E pusit te ceket dhe pompes gjeotermale te nxehtesise 


Nr. 

Objekti 

Sasia 

£mimi per njesi, 
ne leke 

Shuma, 
Ne leke 

1 

Shpimi i pusit te marrjes se ujit, 
me diameter 212 mm 

50 ml 

5 600 1/m 

280 000 

2 

Kolona e rrethimit dhe filtri, tub 
plastmasi, me diameter te 
jashtem 6” 

50 ml 

2 500 1/m 

125 000 

3 

Montimi i kolones se rrethimit 

50 ml 

5601 

28 000 

4 

Shpimi i pusit te injektimit, me 
diameter 125 mm 

30 m 

4 900 1/m 

147 000 

5 

Kolona e rrethimit e pusit te 
injektimit, plastmas 4” 1/2 

30 ml 

1 1801/m 

33 600 

6 

Montimi i kolones se rrethimit 

30 ml 

118 L 

3 360 

7 

Elektropompa zhytese se bashku 
me impiantin elektrik 

1 komplet 

31 000 L 

31 000 

8 

Linja e dergimit te ujit nga pusi 
ne mjedisin e pompes 
gjeotermale te nxehtesise, tub 
plastmasi 

20 ml 

780 1/m 

15 600 

9 

Linja e dergimit te ujit nga pusi 
ne mjedisin e pompes 
gjeotermale te nxehtesise, tub 
plastmasi 

10 ml 

780 1/m 

7 800 

10 

Montimi i linjave te dergimit te 
ujit pus-pompe nxehtesie 

30 ml 

78 L 

2 340 

11 

Pompa gjeotermale e nxehtesise 

1 komplet 

1 500 000 

1 500 000 

12 

Shpenzime te paparashikuara, 
5% te totalit te pusit 



33 685 


GJITHESEJ 



2 207 385 


Kesisoj, kosto e pergjitheshme per ndertimin komplet te seres me siperfaqe 0.05 ha eshte: 

• Ndertimi i seres 3 827 500 leke 

• Ndertimi i sistemit ngrohes 2 207 385 leke 

Gjithesej 6 034 885 leke 50 300 USD 
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6.3 Shpenzimet operative ne sere 


Shpenzimet e kryera ne sere, sipas analizave financiare te detajuara (Rafferty K., Boyd T., 1997) 
perbehen nga: 

• Kosto e seres (perfshire seren dhe paisjee e punes) 122 - 153 USD/m 2 

• Kosto e ndertimit 78 - 87 USD/m 2 

• Viera e tokes 


Shpenzimet operative ne sere, ne raport me totalin e shpenzimeve, kane kete strukture vjetore: 


• Puna 40-50% 27.8 USD/m 2 

• Bimet, fumizimi dhe materiale 16-25% 13.4 

• Ngrohje, energji elektrike, ndri^im, uje 6 - 16% 7.2 

• Pagesa siguracioni dhe kreditimi 17-19% 11.8 

• Te ndryshme 8 - 10% 5.2 

Total 65.4 USD/m 2 


Per kushtet e ndertimit te seres ne Shqiperi, si§ u tregua ne paragrafin 6.2, kosto e 
ndertimit komplet te seres eshte 6 034 885 leke ose 50 300 USD 


Per nje periudhe 15 vje?are veteshlyerje te ketyre shpenzimeve, kosto per §do vit do te 
jete 402 325 leke/vit 3 353 USD/vit. 


Ne mungese aktuale te nje kostoje analitike te hollesishme, po mbeshtetemi pwr 
vleresimin analitik te fisibilitetit jemi mbeshtetur ne te dhenat e disa fermave shqiptare qe kane 
sera. Sipas tyre, e shpenzimeve totale te seres me siperfaqe 1 ha arrin 900 000 leke/vit, dhe per 
seren qe projektohet me siperfaqe 0.05 ha, keto shpenzime arrijne 45000 leke/vit. 


6.3. Studim fisibiliteti i seres me ngrohje me uje termal. 

Per te realizuar kete vleresim kemi patur parasysh keta faktore: 

1. Shpenzimet ne sere: 

• Ndertimi 402 325 leke/vit 

• Shpenzime operative totale 45 000 leke/vit 

• Shpenzime per energji elektrike te domosdoshme: 

• Puna e sistemit te pompes gjeotermale te nxehtesise: 
83.5 kWh x 376.8 ore x 9 leke = 282 564 leke 

• Pompa e qarkullimit te ujit: 

4.2 kWh x 376.8 x 9 leke = 14 243 leke 

Pra shpenzimet totale vjetore per seren e projektuar jane 744 132 leke ose 6 200 USD 
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Prodhimet nga sera: §fare prodhohet, sa prodhohet, sa kushton shitja e prodhimit, 

1) Lloji i prodhimit: 

Domate : Rendimentet e arritura ne sera moderne ne vendin tone jane deri 2000 kv/ha.vit. Ne 
Greqi arrijne deri 2 500 kv/ha.vit, ndersa ne Hollands deri 5 000 kv/ha.vit. 

(/mi mi masatar i shtijes se domateve ne gjashtemujorin e dyte te vitit 2002 kane qene 86.5 
leke/kg. Ne gjashtemujorin e pare te vitit 2003 (jmimi mesatar ka qene 135.9 leke/kg. 

Pra per rendiment 2000 kv/ha.vit, per §mim mesatar 111.1 leke/kg nga prodhimi i seres 1 
ha do te sjelle 22 220 000 leke/vit ose 185 166 USD/vit. Per seren qe projektohet, me siperfaqe 
0.05 ha, te ardhurat do te jene 1 111 000 leke/vit ose 9 258 USD/vit. 


Perfundimisht, per seren e projektuar, per periudhe 15 vje§are te amortizimit te seres, 
rezulton: 

• Te ardhura 9 258 USD/vit 

• Shpenzime 6 200 USD/vit 


Kesisoj, ndertimi i serave me ngrohje me energji gjeotermale eshte nje investim me 
efektivitet ekonomik. Eshte e natyrshme, qe te ardhurat e seres do te jene me te medha nese ne te 
do te kultivohen lule ose fidana, pershembull fidana ullinjsh. 


Nese sistemi i ngrohjes duke shfrytezuar energjine gjeotermale do te zbatohet ne serat 
ekzistuese, atehere do te kerkohesh investim vetem per sistemin ngrohes dhe shpimin e puseve. 
Ne keto kushte, shpenzimet e seres do te jene 488 966 leke/vit , ose 4 100 USD/vit, per periudhe 
15 vje§are veteshlyerje te investimit. Edhe per periudhe 10 vjeyare veteshlyerje, shpenzimet do te 
jene 562 545 leke/vit ose 4 700 USD/vit, pra investimi eshte fitim prures. 
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MATERIALI GRAFIK 


Fig. 1. 
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Fig. 2. Skeme e kembyesit vertikal te nxehtesise ne puset e thelle 
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Fig. 3. Harta e temperatures se tokes ne thellesine 100 m. 
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Fig. 4. Harta e temperatures se tokes ne thellesine 3000 m. 
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Fig. 5. Harta e gradientit Gjeotermal 
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Fig. 6. Harta e dendesise se fluksit te nxehtesise 
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Fig. 7. Profit Gjeotermal ne strukturen e Divjakes 



Fig. 8. Profil gjeotermal ne Ultesiren Pranadriatike 
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Fig. 9. Puset gjeotermale ne Ultesiren Pranadriatike 
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Fig. 10. Termogramat e qarkullimit te ujit te injektuar dhe te perftuar ne kermbyesin vertikal te 
nxehtesise, sipas modelimit mathematikor ne nje pus ne Ultesiren Pranadriatike, per dy 
tipe izolacioni: tub plastik i perforcuar me izolacion xhami dhe per tub me izolacion me 
vakum te thelle. Tubingu 2” 7/8, debiti 2 m 3 /h, temperatura e ujit qe injektohet 10°C, 
gradienti gjeotermal 0.018 K/m. 


Fig. 11. Varesia e temperatures mesatare dhe numri i diteve me temperatura te ndryshme, si edhe 
brezi i kushteve termale te punes ne sere. 
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OUTLOOK ON PRINCIPLES FOR DESIGN OF INTEGRATED AND 
CASCADE USE LOW ENTHALPY GEOTHERMAL PROJECTS IN 

ALBANIA 

Alfred FRASHERI 

Faculty of Geology and Mining, Polytechnic University of Tirana, ALBANIA. 


Abstract 

Large numbers of geothermal energy of low 
enthalpy resources are located in different areas of 
Albania. Thermal waters are sulfate, sulfide, me- 
thane, and iodinate-bromide types. Thermal sources 
are located in three geothermal zones: 

Kruja geothermal zone represents the zone 
with the biggess geothermal resources. Kruja zone 
has a length of 180 km. Identified resources in 
carbonate reservoirs are 5.9x108-5.1x109 GJ, 

Ardenica geothermal zone located in the 
coastal area of Albania, in sandstone reservoirs. 

Peshkopia gjeotermal zone is in the north- 
eastern area of Albania. Several springs are located 
there in the disjunctive tectonics belt of the gypsum 
diapir. 

The geothermal situation in Albania offers 
three directions for the exploitation of geothermal 
energy: 

• Firstly, thermal sources of low enthalpy are 
natural sources or wells in a wide territory of 
Albania. They represent the basis for the successful 
use of modem technologies for a complex and 
cascade exploitation of this energy, achieving an 
economical effectiveness: 

1. Use by SPA clinics for treatment of different 
diseases and by hotels for ecotourism. 

2. Use by SPA clinics and hotels, greenhouses 
and aquaculture installations for hot water for 
heating and sanitary waters. 

3. The extraction of chemical microelements. 

• Secondly, the uses of the heat flow of shallow 
geological section for heating and cooling of the 
buildings. 

• Thirdly, the use of deep abandoned oil and 
gas 

wells as “Vertical Earth Heat Probe”. 

Direct use of the geothermal energy is pro- 
grammed to be realized using an integrated schema 


of geothermal energy, heat pumps and solar energy. 
Energy of the thermal waters will be realized in a 
cascade way, using it step by step, from high 
temperatures up to environ-mental temperatures. 

Actually, in Albania, the study of the pos- 
sibilities of exploitation of geothermal energy has 
begun. The aims of the project are to exa-mine, 
demonstrate and disseminate the positive technical 
and financial aspects of the transfer and utilization 
of innovative geothermal energy technologies in 
Albania. 

Keywords: Geothermal energy, thermal water, 
geothermal gradient, heat flow. 

1. INTRODUCTION 

In Albania, a country rich in geothermal 
resources of low enthalpy and mineral waters, new 
technologies using of geothermal energy are still 
untouched. Large numbers of geothermal energy of 
high and low enthalpy resources, many of mineral 
water sources, and some C02 gas reservoirs 
represent the base for successful application of 
modern technologies in Albania in order to achieve 
economic effectiveness and successful exploitation. 

Actually, there are many geothermal, hydro- 
geological, hydrochemical, biological and medi-cal 
investigations, and studies of thermal and mineral 
water resources, carried out in Albania. The results 
of the geothermal studies carried out in Albania are 
presented in maps and geothermal sections. 

Temperature maps have been compiled for 
different levels of up to 5000m depth. 

Geothermal gradient, heat flow density and 
geo-thermal resources maps have also been 
developed. Natural springs with thermal waters and 
the geolo-gical structures with high water tempe- 
rature have also been mapped. Generally, these 
investigations and studies are separated each from 
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the other. Their information and data will be used 
for studies and evaluations in Albania on a regional 
scale. These studies and evaluations are necessary 
to know, in a regional plane, the potential of the 
thermal and mine-ral water resources and 
geothermal market of Albania. 

According to the results of these new studies, 
an evaluation for the perspective level of the best 
areas in the country will be necessary. After this 
evaluation, it will be possible to begin investment 
in these areas. Integrated exploitation and cascade 
direct use of the geothermal energy will be realized 
by an integrated scheme of geothermal energy, heat 
pumps and solar energy. This scheme has an 
environmental benefit by using renewable energies 
(geothermal energy, solar energy), new 
technologies (heat pumps) and energy savings 
(cascade scheme). A cascade scheme should be 
used to fulfill the thermal energy demand for the 
selected area in order to get the maximum benefit 
from geothermal energy. 

Exploitation of geothermal energy will have a 
direct impact in the development of the regions, by 
increasing their per capita income and, at the same 
time, ameliorating the standard of living of the 
people. These investments will be profitable in a 
short period of time. 

2. GEOTHERMAL ENERGY IN 

ALBANIA 

2.1. Methodic 

The results of the geothermal studies carried 
out in Albania are presented in maps and 
geothermal sections. Temperature maps have been 
compiled for different levels of up to 5000m depth 
(Fig. 1, 2). Geothermal gradient, heat flow density 
and geothermal resources maps have also been 
drawn up. Natural springs with thermal waters and 
the geological structures with high water 
temperatures have also been mapped (Frasheri A. 
1992, Frasheri A. et al. 1995). The water basins 
with higher average temperatures have been studies 
as well. The study of the possibility of exploitation 
of abandoned deep oil wells as “Vertical Earth 
Heat Probes” has already begun. 

2.2 Geothermal Features 

The Albanides form an integral part of the 
southern branch of the Mediterranean Alpine 
orogen. They are subdivided in two zones: the 
Internal and the External Albanides. The geology 
of Albanides creates the premise for the research 
and exploitation of natural geothermal energetic 
resources. 

The greatest heat flow density with a value of 
42 mW m-2 is found in the center of the Preadriatic 
Depression (Fig. 3). In the east of the ophiolitic belt 
heat flow density reaches values of up to 60 
mW m-2 . 



Fig. 1. Temperature Map of Albania, 
at the depth 100 m. 
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Fig. 2. Temperature Map of Albania, 
at the depth 3000 m. 
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Fig. 3. Heat Flow Density Map of Albania. 

Thermal water sources and wells in Albania 
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Fig. 4. Geothermal Spring and Wells in Albania 

Table 1 


Type of the source 

Location 

Tempe-rature 

(°C) 

Salt 

(mg/1) 

Yeild 

1/sec 

Natural Spring 

Llixha Elbasan, Peshkopi, 
Krane (Sarande), 

Langaric (Permet), 

Shupal (Tirane), 
Sarandoporo (Leskovik), 
Tervoll (Gramsh), 
Mamurras (Tirane). 

21-60 

0.3-26 

10-40 

Deep wells 

Peri Adriatic Depression and in 
the Kruja tectonic zone 

29.3-65.5 

1-19.3 

0.9-18 


The temperature at a depth of 100m ranges 
from 6.7 to 18.8°C, at an average of 16.4oC, and 
the temperature at the depth of 500m ranges from 
21 to 27.7°C.The temperature increases to 105. 8°C 
at the depth of 6000m. In the central 

part of the Preadriatic Depression, there are many 
deep oil wells where the temperature reaches up to 
68°C at a depth of 3000m. 

The geothermal gradient has the highest value 
of about 18.7 mKm-1 in the center of the Peri 
Adriatic Depression. Elsewhere, the gradient is 
mostly 15 mK m-1. In the south of the country, the 
geothermal gradient has low values of 11.5-13 
mKm-1. Towards the northeastern and 
southeastern regions of Albania, over the ophiolitic 


belt, the geothermal gradient increases, reaching a 
value of 23.5 mK-m-1. 

2.3. Geothermal Areas and Reservoirs 

In Albania, there are many thermal springs and 
wells of low enthalpy (Fig. 4, Tab. 1) (Frasheri A. 
etal. 1997) . 

These thermal water springs and wells are 
mainly near zones of regional tectonic fractures. 
Generally, the water circulates through carbo-natic 
rocks of the structures and evaporitic beds at some 
kilometers of depth. The water from the-se springs 
contains salt, absorbed gas, and orga-nic matter. 
Waters are sulphide, methane, iodine-bromium and 
sulfate types. The waters come from different depth 
levels (800-3000 m) of li-mestone reservoirs and 
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sandstone reservoirs. Thermal sources are located 
in three geothermal zones: 

Kruja geothermal zone represents the zone 
with largest geothermal resources. Kruja zone has a 
length of 180 km. Identified resources in carbonate 
reservoirs are 5.9x108-5.1x109 GJ, 

Ardenica geothermal zone is located in the 
coastal area of Albania, in sandstone reservoirs. 

Peshkopia gjeotermal zone is locaden in the 
northeastern area of Albania. Several springs are 
located with disjunctive tectonics of the gypsum 
diapir. 

3. DIRECTIONS FOR THE EXPLOITA- 
TION OF GEOTHERMAL ENERGY 
OF LOW ENTHALPY IN ALBANIA 

The geothermal situation of low enthalpy in 
Albania offers the following directions for the 
exploitation of geothermal energy, which is un- 
used until now. This exploitation will realized by 
an integrated scheme of geothermal energy, heat 
pumps, and solar energy, and cascade use of this 
energy (Frasheri A. 2000, Frasheri A. et al. 1997). 

• Firstly, space heating and cooling using 
ground heat by the Borehole Heat Exchanger 
(BHE) in the shallow (about 100 m depth) 
boreholes. 

The increased demand in energy for heating 
and cooling of premises, in the framework of the 
energy crisis in Albania, represent the great and 
important problem of the Energy System of 
Albania. Actually, the electric energy consum-ption 
for heating is 1 375 GWh/year, or 23.8 % of the 
total electric energy production in Albania (Fig. 5) 
(National Agency of Energy, Tirana, 2003). The 
situation becomes more problematic because the 
use of natural gas for heating emits large quantities 
of C02 in the atmosphere. 

Direct use of ground heat by the Borehole Heat 
Exchanger-Geothermal Heat Pump repre-sents a 
modem system for space heating and cooling 
(Lungt J. W. 1996, Rybach L. et al. 2000, 2004). 
Two types of shallow heat sources exist: ground 
heat and underground water heat. Consequently, 
two kinds of technology can be applied: 

Firstly, ground-source and Borehole heat 
Exchanger-Geothermal Heat Pump or ground- 
couplet (closed loop), 

Secondly: underground water system - 

Geothermal Heat Pump (open loop). Ground 
coupling is used where insufficient well water 
exists or where the quality of the well water is a 
problem. 

In order to make use of this renewable geo- 
thermal energy and environmentally friendly 
ground heat for space heating and cooling in 
Albania, we have introduced the idea of building a 
demonstrative installation for heating and cooling 
purposes in Tirana (Frasheri et al. 2003). It will 


contribute to solving the problematic issue of 
heating and cooling of premises in Albania. 

• Secondly, thermal sources of low enthalpy and 
of maximum temperature up to 80°C. These are 
natural sources or wells in a wide territory of 
Albania, from the South near the Albanian-Greek 
boundary to Northeast districts in Diber Region. 

Thermal waters of springs and wells in 
Albania may be used in several ways: 

Modem SPA clinics can use these for the 
treatment of different diseases and hotels, can also 
use these for thermal pools, to further the 
development of eco-tourism. 

Such centres may attract many of clients, 
including many outside Albania, because of cu- 
rative properties of these waters and also because 
they are situated in attractive areas near the sea 
side, mountains, or Ohrid lake. At the present, 
some SPA clinics using technology work in some 
geothermal springs and wells in Albania. 

The oldest and most important is Elbasani 
Llixha SPA, which is located about 10 km south of 
Elbasani city and 61 km south-east of Tirana, in the 
central part of Albania. By national road 
communication, Llixha area is connected with 
Elbasani and Tirana. In the future, this area will be 
only 10 km from the highway Durresi- Skopje- 
Sofia- Istanbul, which is projected for constmction 
and nominated as No. 8 European Corridor. This 
area has the opportunity to be frequented by a large 
number of people from different countries. These 
thermal springs from about 2000 years ago are well 
known. According to historic data, in Elbasani 
Llixha, thermal springs there have been a centre 
near of the old road “Via Egnatia" that has passed 
from Durresi to Constantinople. The number of 
Albanian patients treated for rheumatism and 
various illnesses in Elbasani Lixha SPA in 
maximum are 7899 person/year. All seven groups 
of the springs in Llixha Elbasani and Kozani-8 well 
geothermal area will have the possibilities for 
modern complex exploitation. The beautiful 
landscape of Elbasani Lixha area can be used not 
only for medical treatment but also as a tourist 
destination. This area is located near the very well 
know Ohrid Lake pearl or mountains Gjinari, with 
their fantastic forests and nice climate. Ishmi 1/b 
geothermal well is located in beautiful Tirana field, 
near the “Mother Theresa” Rinasi (Tirana) Airport, 
the Adriatic coastline, and Kruja - Skandergeg 
Mountain. 

Benja and Sarandaporo thermal water areas 
and Postenani steam springs are located near the 
beautiful Vjosa River valley. Peshkopia geothermal 
springs area is located near of the Korrabi 
Mountain, the highest mountain in Albania 
(2753m). The beautiful landscape of Vjosa valley, 
near the Albanian-Greek border and Peshkopia area 
near of Debar region in Macedonia, will not only 
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be used as a thermal water bearing place for 
medical treatment, but also as a tourist destination. 

2. The hot water can also be used also for heating 
of hotels, clinics and tourist centers, as well as for 
the preparation of sanitary hot water used in these 
facilities. Near these medical clinics and tourist 
centres, it is possible to build greenhouses for 
flowers and vegetables, as well as aquaculture 
installations (Popovki K. and Popovska Vasilevska 
S. 2002). 

3. From thermal mineral waters, it is possible to 
extract very useful chemical microelements such as 
iodine, bromine, chlorine, and other natural salts 
necessary for the preparation of creams for the 
treatment of many skin diseases as well as for 
beauty care products. From these waters it is also 
possible to extract sulphidric and carbonic gas. It is 
possible to build installations to process of mineral 
waters. 

Consequently, the sources of low enthalpy 
geothermal energy in Albania, which are, at the 
same time, the sources of multi-element mineral 
waters, represent the basis for succes-sful use of 
modern technologies for a complex and cascade 
exploitation of this energy, achi-eving economic 
effectiveness. Such develop-ments are also useful 
for the creation of new working places and the 
improvement of the standards of living for local 
communities located near thermal sources. 

• Thirdly, the use of deep doublet or single 
abandoned oil and gas wells as the “Vertical Earth 
Heat Probe”, to obtain geothermal energy. The 
geothermal gradient of the Albanian Sedimentary 
Basin has average values of about 18.7 mKm-1. At 
2 000 m depth, the temperature reaches a value of 
about 48°C. In these single abandoned wells, a 
closed circuit water system can be installed. Near 
these wells, greenhouses can be built. 

THE PRINCIPLES FOR ALBANIAN 
GEOTHERMAL ENERGY MARKET 
ANALYSE AND DESIGN 

Actually in Albania the study of the 
possibilities of exploitation of the geothermal 
energy has begun. Based on the above analysis, for 
the best area selected, a Feasibility Study will be 
performed to analyze three components: energy 
supply, environmental impact and financial aspects, 
and to suggest the best solution of the innovative 
geothermal energy utilization technology 
applications in that area. 

For good preparation of the project and 
implementation of the project, in detail are 
determined: 

Objectives of the market study for: 

1. Space heating and cooling consumers. 

2. Consumers for geothermal energy & thermal 
water integrate and cascade direct use (heat, spa, 


cooling, power production, drinking water, 
aquaculture, agriculture) 

3. Geological risk, financial possibilities to cover 
geological risk. 

4. Traffic connections. 

5. Gathering information material and know- 
ledge dissemination as very important element of 
utilization of geothermal energy 

6. Significance of the project proposal and its 
expected achievements 

The integrated project includes: 

1 . Aims and objectives of the project. 

2. Construction of the experimental units for 
exploitation of the geothermal energy: 

3. Concrete detailed design for the 
implementation phase of the project. 

4. Construction of thermal supply installations. 

5. Application and transfer technology for a 
complex and cascade exploitation of 
geothermal waters energy 

6. Methodology of project implementation 

7. Economical-financial evaluations 

8. Repayment of the credit 

9. Feasibility Study 

4. CONCLUSIONS 

1. Albania has the resources of geothermal 
energy of low enthalpy, which is possible for 
integrated and cascade direct use as an alternative 
energy. 

2. Resources of the geothermal energy in Albania 
are; 

a) Natural springs and deep wells with thermal 
water, of a temperature up to 65.5°C. 

b) Heat of subsurface ground, with an average 
temperature of 16.4oC and depth Earth Heat Flow. 

3. Construction of the space-heating system, 
using shallow borehole heat exchanger (BHE)-Heat 
Pumps systems present the most important 
direction of the use of geothermal energy in 
Albania. 
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E028 RESISTIVITY SURVEYS - EFFECTIVE METHOD 
FOR INTEGRATED GEOELECTRICAL 
EXPLORATION IN ALBANIA 

HOMAGE TO THE C. SCHLUMBERGER 
ALFRED FRASHERI 

Faculty of Geology and Mining, Polytechnic University of Tirana, Albania 


Fifty years ago for me, an 18 years old electric technician, started work in Well- 
Logging Service of Albanian Oil and Gas Industry, the Schlumberger brothers name has been 
equivalent to the geophysics one. Today, after a half of century experience for the 
geoelectrical exploration and forming of the geophysical engineers, I’m concluded that 
resistivity method, proposed by C. Schlumberger many tens of years before, has demonstrated 
high effectiveness in the different exploration domains, and always is in the front of 
geoelectrical surveys. Analyse of the geoelectrical surveys results by resistivity method in 
Albania is presented in the paper. 

DIRECTION OF THE RESISITIVITY METHOD APPLICATIONS IN ALBANIA 

Apparent resistivity method, for half a century, is an important element of the 
integrated geophysical surveys, with high accuracy and discrimination capabilities: 

Borehole logging: for oil and gas deep wells and shallow boreholes for coil 
exploration. 

There are used gradient arrays B0.1A0.5M; B0.1A0.45M, B0.1A0.95M, B0.2A1.9M, 
B0.4A3.3M and B0.7A7.65M and potential arrays M0.25A2B, M4A40B, M8A40B, which 
from 1952 are represented the base arrays and important elements for electrical borehole 
logging in oil and gas industry. B0.2B1.9M and M0.25A2B represent standard normal arrays. 
Particularly, by all these arrays were realised lateral electrical soundings. Arrays B0.1A1.95M 
and M1.95A0.1B are used for coal boreholes logging. 

Geoelectrical surveys: In Albania, the electrical soundings and profding by 
Schlumberger array AMNB, were successfully used for solving of following geological 
problems: 

1) Marine Electrical Soundings, with depth of investigation about 2500 m and depth of 
influence 3500 m, by current electrode spacing up to 16 km, in the Albanian Adriatic Shelf: 

Exploration of shallow oil and gas bearing molasses structures in the Albanian 
Adriatic Shelf, having geoelectrical markers as top of Pliocene clay and Tortonian and 
Serravalian sandstone pack. 

Mapping of eroded fold flanks covered by loose Quaternary marine deposits or sea 
waters. 

Exploration of littoral heavy minerals placers. 

Mapping of loose Quaternary deposits. 

2) Onshore Electrical Soundings, for: 

Method in the integrated oil and gas exploration, for lithological identification of 
seismic reflectors from carbonate anticline tops, and for the sandstone packs of the 
Neogene’s molasses structures mapping. 
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Engineering investigations of construction areas, raw materials dams, slope stability 

and landslides, traces of the highways, railways, tunnels and main irrigation channels. 

Hydrogeological Exploration. 

Karst zones and cavities investigations. 

Environmental investigations: Underground waters aquifer and soil pollutions. 

Solid mineral exploration: copper minerals deposits, high, rare and precious placers, 

coal basin tectonics, bauxites etc. 

3) Electrical profiling: 

Marine profiling: For Quaternary loose sediments and outcrops of the Neogene’s 
molasses sea bottom mapping. Profiling was carried out by differential array MAN, 
B— >oo, axial dipole array ABMN, and pole-dipole array AMN, B— »oo, with a spacing 100- 
400 m. 

Onshore profiling: with Schlumberger multiple arrays A 1 A 2 MNB 2 B 1 for geoelectrical 
mapping of the contacts between volcanic and sedimentary rocks in Lower-Middle 
Triassic volcanic sedimentary pack, last ones with Upper Triassic limestone, tectonic 
faults etc. Pole-dipole array for combined profiling AMNB, C— »co was used for massive 
structure of copper minerals bodies exploration. 

Results of the electrical soundings and profding by Schlumberger array in 
Albania, in the paper are analysed. 

RESULTS AND DISSCUSIONS 

Marine electrical soundings and profiling, as a part of integrated marine geological- 
geophysical oil and gas exploration, along Albanian Adriatic Shelf from Vlora Bay at the 
south to Shengjini Bay at the north, were used for mapping, within a distance of 10 km from 
the coastline, where the sea depth reaches about 50 m. Averagely, sea depth was 10-20 m. of 
the this marine space. 

The Durresi structure exploration represents a successfully example of marine 
resistivity sounding and profiling application. Based on this exploration have been drilled a 
deep well Du- 16 which has been discovered a gas deposit; under the Adriatic Sea water 
structure (Fig. 1,2). 

Durres - Kepi Palles area is characterized by a presence of Neogene’s molasses 
formation: Tortonian clay-sandstone, Messinian clay, sandstone interbeds and lens, and 
gypsum debris and blocks stage and Pliocene clay deposits. Up to present, by deep wells, is 
known that 2975-3125 m is thickness of Neogene molasses. Marine Quaternary loose 
deposits have covered bedrocks of the neogene molasses. These deposits are extended in the 
shallow offshore in Durresi-Kepi Palles area, and are presented by loose sand in the coastal 
line and clay mud far from coastline. Marine deposit thickness in the offshore are is 10 m near 
of the coastline in the Kepi Palles sector, which increased up to 20-50 m at the west. 

Durres-Kepi Palles anticline is asymmetric and structure top is extended about 1600 m 
at the west of the coastal line, under the Adriatic Sea waters (Fig. 1, 2). After Pliocene field 
extension, about 40 km is length of the structure, and 2 km width. The anticline amplitude is 
varies of 2000 up to 2500 m. Eastern flank is tectonically abrupt. Part of eastern limb of the 
structure has a dipping 45-55° in the western location from tectonic line. At the depth, the 
dipping gradually is increased to 75-80° up to overturned. At the surface, the tectonic line is 
outcropped at Kepi Palles on shore. The tectonic line is located under Adriatic Sea waters 
toward the Porto Romano sector. 
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Tortonian sandstone packs of the eastern anticline flank, covered by marine Quaternary 
loose deposit s, are mapped by electrical profiling (Fig. 2). 


Fig. 1. Geological-geophysical profile, Durresi gas bearing structure. 


Fig. 2. Geoelectrical marine mapping of offshore eastern flank of Durredi anticline. 
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Slope stabilization and landslides investigations have been realized successfully by 
integrated geophysical methods, which electrical soundings present an important method (Fig. 
3). 
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Fig. 3. Geoelectrical section of Porava landslide. 


Porava landslide is located in the lakeshore of the Fierza hydropower plant lake. Fig. 
3 shows presence of two categories of geoelectrical markers in the profile, which are 
determined full configuration of the sliding structure in the rocks of the volcanic sedimentary 
section. In the karstified zones , the geoelectrical section is KH type. Depending on the 
thickness of layers, A type geoelectrical section is also possible. Karstified surface forms, 
which are filled with residues of the altered material has a resistivity of first layer is smaller 
than that of the second layer, represented by karstified limestones with empty lattices. The 
third geoelectrical layer shows the resistivity is lower that of the second layer. This is because 
the less dense karst lattice is filled with water or clay. The fourth geoelectrical layer is 
represented by compact limestone, and consequently its resistivity is higher than that of all 
overlying layers. 
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Permbledhje 

Ky artikull eshte referuar ne Konferencen Nderkombetare te 65-te Bashkimit Europian te 
Gjeoshkencetareve dhe Inxhinjereve (EAGE) ne Paris, qershor 2004. 

Pesedhjete e nje vjet me pare, per mua, teknikun elektrik 18 vje 9 ar, qe filloi punen si 
operator i karotazhit ne indsustrine e naftes dhe te gazit ne Patos, mbiemeri i vellezerve 
Shlimberzhe ishte i barazvlefshem me gjeofiziken. Sot, pas gjysem shekulli pervoje per kerkimet 
gjeoelektrike dhe pergatitjen e inxhinjereve gjeofizike, kam arrtitur ne perfundim se metoda e 
rezistences, e propozuar nga vellezerit Konrad dhe Marsel Shlimberzhe ne fillimin e shekullit te 
20-te, ka demostruar efektivitet te larte ne fusha te ndryshme te kerkimit, dhe perseri sot ndodhet 
ne frontin e kerkimeve gjeoelektrike moderne. Analiza e kerkimeve gjeoelektrike ne Shqiperi 
paraqiten ne kete artikull. Eshte ne nderin e gjeofizike ve shqiptare qe e kane zbatuar dhe 
zhvilluar me sukses kete metode ne kushtet e ndertimit gjeologjik te Albanideve. 

Ne referat jane analizuar dhe paraqitur 32 raste nga rezultatet e perdorimit te metodes se 
rezistences ne Shqiperi gjate 50 vjeteve te fundit; per arsye vendi ne kete artikull po analizohen 
vetem gjashte raste. 


Abstract 

This paper is presented at 65 th Conference and Exhibition of European Association of 
Geoscientists and Engineers (EAGE), Paris 2004. 

Fifty-one years ago, for me, the 18 years old electric technician, starting the work as a 
well-logging operator at the Well-Logging Service of Albanian Oil and Gas Industry, the name of 
Schlumberger brothers use to be equivalent to that of geophysics. Today, after half a century 
experience in geoelectrical prospecting and in the education of the geophysical engineers, I 
believe that the resistivity method, proposed by brothers Conrad and Marcel Schlumberger, many 
tens of years ago, has demonstrated high effectiveness in various prospecting/exploration 
situations, and still stands in the front of the modern geoelectrical surveys. A summary 
presentation of the main geoelectrical survey results in Albania is shown in the paper. It has been 
an honour for the Albanian geophysicists to successfully apply and develop the resistivity method 
in the geological setting of Albanides. 

In the Conference were presented and analyzed 32 case histories from these results of the 
last 50 years; in the published paper are presented only six cases due to limited publishing space. 
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1. History of resistivity method applications in Albania 

First applications of the resistivity method in Albania have been reported in 1934, for 
shallow electrical soundings performed with Schlumberger array, by current electrode spacing 
820m, in oil and bitumen exploration in Ku?ova and Selenica areas, and resistivity well logging 
in shallow oil wells (1935), carried out by the Italian geophysicists of A.I.P.A. Company, project 
leader A. Belluigi, A. Baglio, and Eng. C. Sq., (A.I.P.A. 1934, Bi 9 oku T. 1964, 2004). 

The application of deep electrical resistivity soundings in oil and gas exploration have 
been started in 1950, by Baranov I.A., a Russian and Albanian geophysicists Teki Bi 9 oku and 
Hasan Top 9 iu (Baranov I.A.). At the same period have been started the integrated electrical well 
logging of the oil weep wells (1951), by Russian operator David A. Bronshtein and Albanian 
operators Hamdi Bejtja, and Alfred Frasheri (1953) (Frasheri, 1964). 

Geoelectrical surveys in search for solid minerals have started in 1953 with electrical 
resistivity profiling in cooper ore exploration in Derveni area (Malkina Z.P. 1953). From 1958 
the resistivity surveys included many copper bearing zones in the Mirdita areas by the Russian 
V.M. Pogrebinskiy and the Albanian geophysicists Ligor Lubonja and Alfred Frasheri 
(Pogrebinskiy, 1959). During the sixties, the Albanian geophysicists Ligor Lubonja, Alfred 
Frasheri, Esat Daja, Radium Avxhiu, Mihallaq Malaveci, and later in seventies up to present, 
Perparim Alikaj, Spartak Kasapi, Llesh Prenga, Pirro Leka, Fatmir Duli, Idriz Jata, Sami Nenaj, 
etc. have successfully applied the electrical profilings and soundings in search for copper/gold 
sulphide deposits, placers for heavy, rare and precious minerals. The year 1961 represents the 
beginning of the first integrated geophysical exploration in placers of the rare and precious 
minerals (Ligor Lubona and Alfred Frasheri). From 1959 we have carried out shallow borehole 
resistivity logging in solid minerals exploration and development by the Russians (Murat 
Tokmulin) and the Albanian geophysicists (Neim (^avani from 1963, Sillo Mu 9 ko 1964, Violeta 
Murati from 1973). 

The years sixties and seventies presented a period of successful and broad range 
applications of the resistivity methods. In 1975 re-started the geoelectrical survey with deep 
electrical soundings in oil and gas exploration (Frasheri A., Jani Lefter, Ciruna Kozma, 1982). In 
this period Ligor Lubonja, Alfred Frasheri, Mihallaq Malaveci and Thimi Nathanaili have 
investigated other solid minerals like bauxites with the IP/Resistivity Schlumberger soundings 
and gradient array. In early eighties the resistivity method was experimented and applied in 
chrome exploration as well by Fatmir Duli, Llesh Prenga, etc. 

In 1961 was carried out the first electrical soundings by the Chinese and the Albanian 
(Zoto Rjepaj and Sillo Mu 9 ko) geophysicists in engineering geology studies with the 
Schlumberger array, for soil investigation in the industrial building construction area in Fier city 
and in the riverbed investigation at the dam of Vau Dejes hydropower station. First electrical 
profiling and soundings in the archaeological exploration have been carried out in the Margell^i 
Ancient Castle (Alfred Frasheri and Radium Avxhiu). At the present, Vladimir Kavaja is 
successfully continuing the geoelectrical exploration in many important archaeological sites in 
Albania, as in Apolonia, Butrint, etc. 

The year 1975 has opened a new era in Albanian geoelectrical resistivity surveys, 
recording the performance of the first experimental marine electrical profiling in the Albanian 
Adriatic shelf for oil and gas exploration by Alfred Frasheri, Radium Avxhiu, Perparim Alikaj, 
Spartak Kasapi (Frasheri et al. 1977). Based on this experimental study the marine geoelectrical 
survey expedition was set up in Albania in the late seventies (Alfred Frasheri, Vasillaq Leci). In 
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1982 was carried out the first deep marine electrical sounding with a Schlumberger array up to 
AB/2= 8 km, at a sea depth of 50 m. The marine geoelectrical station has been designed, 
constructed and set up for a power of 250 kW by Alfred Frasheri, Reis (Tani, Ymer Luga, Franc 
Malo and Burhan (Tanga (Frasheri et al.1980). 

The performance of a broad spectrum of resistivity surveys has been increasingly based 
on computer data processing and interpretation. In 1974 started the first computer programming 
and processing of the electrical survey data, which continued to grow in years by Alfred Frasheri, 
Gudar Beqiraj, Neki Frasheri, Ylli Vejsiu, Dhimiter Tole, Radium Avxhiu, Nehat Likaj, Ivoni 
(Tani (Frasheri et al. 1974, 1976, 1979, 1984). In 1978, Perparim Alikaj proposed a new survey 
method called IP/Resistivity “Real Section” based on scale modeling and field experimental 
surveys using the multiple gradient and Schlumberger arrays and the concept of depth of 
investigation. Several deep mineralized structures were discovered in Albania with this method 
(Langore L., Alikaj P. and Gjovreku D.1989). The last 14 years P. Alikaj has further developed 
and successfully applied the method in base metals and gold exploration, mostly in Canada but in 
other parts of the world as well (Alikaj P. and Morrison D.F. 1997). The years eighties was been 
period fo the intensively studies and experiments for increasing of the depth of investigation, up 
to 800- 1000m, using underground geoelectrical surveys in the boreholes (Lubonja et al. 1984, 
Frasheri et al. 1995). 

The electrical soundings and resistivity borehole loggings have been used extensively in 
groundwater investigations in Albania by Pellumb Haxhiai, Nexhip Maskai and Gene Kallfa. 
(Frasheri 1983). 

Karst zones investigations using profilings and soundings with the Schlumberger arrays 
have been used since 1984 in irrigation reservoir areas by Alfred Frasheri, Ludvig Kapllani, 
Burhan (Tanga (Frasheri 1982). 

The last decade has been a period of intensive developments in engineering and 
environmental integrated geophysics, where the resistivity represents the main method. In 1997 
was completed with our home made program the 2D Resistivity Tomography for a raw material 
dam and a landslide investigation by Alfred Frasheri, Ludvig Kapllani (Frasheri et al. 1997, 
1999). At present, the resistivity method in Albania is vastly being used to solve various 
geological engineering and environmental tasks (Alfred Frasheri, Perparim Alikaj, Radium 
Avxhiu, Pirro Leka, Llesh Prenga, Burhan (Tanga, Sami Nenaj, Vladimir Kavaja, Idriz Jata, 
Fatbardha Vin§ani, etc.). 

2. Direction of the resistivity method applications in Albania 

Apparent resistivity method, for half a century, is an important element of the integrated 
geophysical surveys in Albania, with high accuracy and discrimination capabilities: 

Borehole logging: for oil and gas deep wells and shallow boreholes for coil exploration. 
There are used gradient arrays B0.1A0.5M; B0.1A0.45M, B0.1A0.95M, B0.2A1.9M, 
B0.4A3.3M and B0.7A7.65M and potential arrays M0.25A2B, M4A40B, M8A40B, which from 
1952 are represented the base arrays and important elements for electrical borehole logging in oil 
and gas industry. B0.2B1.9M and M0.25A2B represent standard normal arrays. Particularly, by 
all these arrays were realised lateral electrical soundings. Arrays B0.1A1.95M and M1.95A0.1B 
are used for coal boreholes logging. 
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Geoelectrical surveys: In Albania, the electrical soundings and profiling by 

Schlumberger array AMNB, were successfully used for solving of following geological 
problems, as important method of the integrated geophysical surveys: 

1) Onshore Electrical Soundings, for: 

Method in the integrated oil and gas exploration, for lithological identification of seismic 
reflectors from carbonate anticline tops, and for the sandstone packs of the Neogene’s 
molasses structures mapping. 

Engineering investigations of construction areas, raw materials dams, slope stability and 
landslides, traces of the highways, railways, tunnels and main irrigation channels. 
Hydrogeological Exploration. 

Karst zones and cavities investigations. 

Environmental investigations: Underground waters aquifer and soil pollutions, soil and 
bedrocks degradation. 

Solid mineral exploration: copper minerals deposits, high, rare and precious placers, coal 
basin tectonics, bauxites etc. 

2) Marine electrical soundings in the Albanian Adriatic Shelf were a part of integrated marine 
geological-geophysical for oil and gas exploration. Marine Electrical Soundings have a depth of 
investigation about 2500 m and depth of influence 3500 m, the current electrode spacing up to 16 
km, the maximal distance from the coastline 10 km, averagely sea depth 10-20 m and maximal 
sea depth about 50 m. 

Marine electrical soundings have the geological tasks: 

-. Mapping of the Neogene molasses structures in the Albanian Adriatic Shelf.-. Exploration 
of shallow oil and gas bearing Neogene molasses in the Albanian Adriatic Shelf, having 
geoelectrical markers as top of Pliocene clay and Tortonian and Serravalian sandstone pack. 

-. Mapping of eroded fold flanks covered by loose Quaternary marine deposits or seawaters. 

-. Exploration of littoral heavy minerals placers. 

-. Mapping of loose Quaternary deposits. 

3) Onshore electrical profiling with Schlumberger multiple arrays A 1 A 2 MNB 2 B 1 for 
geoelectrical mapping of the contacts between volcanic and sedimentary rocks in Lower- 
Middle Triassic volcanic sedimentary pack, last ones with Upper Triassic limestone, tectonic 
faults etc. Pole-dipole array for combined profiling AMNB, C— was used for massive 
structure of copper minerals bodies exploration. 

Resistivity tomography is used for the solving of engineering investigations, 
hydrogeological exploration, karst zones and cavities investigations, environmental 
investigations and archaeological research. 

4. Marine profiling, for: 

Quaternary loose sediments and outcrops of the Neogene’s molasses sea bottom mapping. 
Mapping of eroded fold flanks covered by loose Quaternary marine deposits or sea 
waters. 

- Exploration of littoral heavy minerals placers. 

Mapping of loose Quaternary deposits. 

Profiling was carried out by differential array MAN, B— >°o, axial dipole array ABMN, 
and pole-dipole array AMN, B— with a spacing 100-400 m. 
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3. Results and discussions 


3.1. Solid minerals exploration 

Resistivity profiling have been important method of the integrated geophysical surveys 
for exploration of the sulphide cooper mineral deposits, heavy, rare and precious 
placers, bauxites, etc. Surveys are performed by Schlumberger arrays: Symmetric 

multiple arrays A-1A2MNB2B-1 and pole-dipole combined arrays profiling AMN, C->°° , 
MNB, C— > 00 . 

3.1.1. Massive sulphide cooper deposits exploration: 

The most typical and distinctive physical properties are induced polarization chargeability 
and resistivity, which are conditioned by mineral content, structure and degree of rock alteration. 
Massive sulphide ores have a minimal resistivity 0.1 Ohmm up to 30 Ohmm. Surrounding 
magmatic rocks has a average resistivity 200-1200 Ohmm. Schistose detritus overburden with 
clays and silica has a average resistivity about 20 Ohmm. This property serves as base for 
application of resistivity methods using by pole-dipole combined arrays profiling AMN, C— , 
MNB, C— 

Between many tens of the case histories of geoelectrical exploration of the cooper 
deposits in Albania, following three objects in different time periods, depending from the depth 
of investigation. 

In the fig 1 is presented a geological-geophysical section in the Gjegjani massive sulphide 
deposit at northeaster region of Albania. Based on geoelectrical and geological surveys, 
Pogrebinsky S.A etc. have designed the borehole that has discovered the cooper deposit (In 
1959), which has been one of most important in Albania. Ore body is located in diabase 
individualization of Lower-Middle Triassic volcanic-sedimentary pack. Over the ore body is 
observed complex geophysical anomalies. Resistivity anomaly is important element of this 
anomalous complex. Resistivity anomaly represents a crossing of the resistivity graphics 
surveyed by both arrays AMN, C— MNB, C— 
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Fig. 1. Geological-geophysical section in the Gjegjani massive sulphide deposit 
(Compiled by Frasheri A after Pogrebinkiy S.A., Mihayllovskiy J.A. and 
Boronayev V.A. data). 

1- Ultrabasic rock; 2- Argillaceous schists; 3- Diabase; 4- Massive ore body; 5- 
Disseminated mineral zone; 6- Tectonic faults. 
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After rapid development in the early 1970s, the IP method in the complex with resistivity 
and self-potential method became the major surveying method for cooper sulphide exploration, in 
particular for massive ore bodies (Fig. 2). 






# . 







Fig. 2. Apparent Resistivity map and geoelectrical section in the Ka?inari massive 
sulphide deposit (After Daja E. and Avxhiu R.). 

1- Overburden; 2- Diabase; 3- Massive ore body; 4- Disseminated ore sulphides; 
5- Electrical conductivity axe. 
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In this period the depth of investigation increased to 200 m. Based on interpretation 
results of integrated geophysical-geochemical and geological data, Avxhiu R. etc. have 
discovered massive sulphide cooper deposit at Qafa Barit area (Fig. 3) (Avxhiu 1979). 
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Fig. 3. Geological-geophysical section in the Qafa Barit massive sulphide deposit 
(Compiled after Avxhiu R. and Frasheri A data). 

1- Overburden; 2- Keratophyre rock; 3- Spilites; 4- Disseminated sulphides; 
5- Massive sulphide ore body. 
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Prospecting by the vertical geoelectrical sections, using “Real Section” as experimental method 
from 1978 year has been developed a new exploration strategy by Alikaj P (Alikaj P. and 
Morrison D. 1997, Alikaj P. 1998, Langiora LI. and Alikaj P. 1989). Geoelectrical mapping by 
standard technology present a research in one of depth investigation over all surveys area. “Real 
section” method has creates the possibilities to realize a vertical exploration, from Earth surface 
up to the depth in surveys line, according to the used current electrode spacing. 

3.1.2. Heavy, rare marine placers and river gold placers exploration. 

Shallow Schlumberger vertical soundings and profiling have been used for solving of the 
different geological task: For littoral marine placers, search, mapping and shape determination of 
the sand dunes has been exploration objects. Mapping of the gravel riverbeds and morphology of 
riverbed base has been objects during the river gold placers prospecting. Geoelectrical markers in 
the littoral areas are top and base of sand dunes, among the Quaternary clay. 

3.2. Marine resistivity surveys 

Marine electrical soundings and profiling have been a part of integrated marine 
geological-geophysical for oil and gas exploration, along Albanian Adriatic Shelf, from Vlora 
Bay at the south to Shengjini Bay at the north (Frasheri A. 1987, Leci V. 19»»>.). Surveys 
lines have been extended within a distance of 10 km from the coastline, where the sea depth 
reaches about 50 m. Averagely sea depth was 10-20 m. in this marine space. Maximal current 
electrode spacing for the sounding arrays has been up to 16km, and for the profiling 100-400m. 

The Durresi structure exploration represents a successfully example of integrtaed marine 
geological-seismic, resistivity soundings and profiling application. Based on this exploration 
have been drilled a deep well Du- 16 which has been discovered a gas deposit; under the Adriatic 
Sea water structure (Fig. 4,5). 

Durres - Kepi Palles area is characterized by a presence of Neogene’s molasses 
formation: Tortonian clay-sandstone, Messinian clay, sandstone interbeds and lens, and gypsum 
debris and blocks stage and Pliocene clay deposits. Up to present, by deep wells, is known that 
2975-3125 m is thickness of Neogene molasses. Marine Quaternary loose deposits have covered 
bedrocks of the neogene molasses. These deposits are extended in the shallow offshore in 
Durresi-Kepi Palles area, and are presented by loose sand in the coastal line and clay mud far 
from coastline. Marine deposit thickness in the offshore are is 10 m near of the coastline in the 
Kepi Palles sector, which increased up to 20-50 m at the west. 

Durres-Kepi Palles anticline is asymmetric and structure top is extended about 1600 m at 
the west of the coastal line, under the Adriatic Sea waters (Fig. 4,5). After Pliocene field 
extension, about 40 km is length of the structure, and 2 km width. The anticline amplitude is 
varies of 2000 up to 2500 m. Eastern flank is tectonically abrupt. Part of eastern limb of the 
structure has a dipping 45-55° in the western location from tectonic line. At the depth, the dipping 
gradually is increased to 75-80° up to overturned. At the surface, the tectonic line is outcropped at 
Kepi Palles on shore. The tectonic line is located under Adriatic Sea waters toward the Porto 
Romano sector. 

Tortonian sandstone packs of the eastern anticline flank, covered by marine Quaternary 
loose deposits, are mapped by electrical profiling (Fig. 5). 
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Fig. 5. Geoelectrical marine mapping of offshore eastern flank of Durresi anticline 
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3.3. On shore oil and as exploration 

On shore Schlumberger electrical soundings have been used for lithological identification of 
seismic reflectors from carbonate anticline top covered by terrigenoeus formations (flysch and 
molasses), for the sandstone packs estimation of the Neogene’s molasses structures mapping, and 
salt diapir contact mapping in some reagions (Frasheri et al. 1982). Maximal current electrode 
spacing has been 16 km, consequently electrical soundings have a depth of investigation about 
2000m and depth of the influence more than 4500m. 

3.4. Geoelectrical mapping 

Geoelectrical mapping of the contacts between different kind of the rocks, and of the 
tectonic faults, has been realized using multiple Schlumberger A 1 A 2 A 3 MNB 3 B 2 B 1 , with maximal 
electrode spacing AiBi=300m. Most effective has been mapping of the tectonic contact between 
Upper Triassic limestone and Lower-Middle Triassic Volcanic-Sedimentary pack, which is 
covered by diluvium. 

3.5. Engineering investigations 

3.5.1. Construction areas of industrial buildings and works, public and private buildings Traces 
of the highways, railways, tunnels and main irrigation channels (Frasheri et al. 1995). 

3.5.2. Raw materials damsGeoelectric tomography was used to investigate the clay core of the 
dam’s raw materials. The resistivity part of geoelectric tomography use multiple gradient arrays 
with the maximal current electrode spacing 300m, which provided a survey depth of 50-70m 
(Frasheri et al. 1995, 1992). The geoelectric tomography results in this paper are from Vau Dejes 
hydroelectric plant. Its Qyrsaqi dam has a concrete section and a gravel fill with central clay core 
section. The dam has a crest length of 480m and maximum height of 79m. Geoelectric 
tomography was performed only in the raw-material section. 

The soil dam in Qyrsaqi is studied at the top of clay core and at its slope. Fig .6 shows a 
electrical resistivity tomography along the dam axe. It is noticed at the centre, that the clay 
material has a lower resistivity than the two dam’s edges. The water filtering into the core 
explains this phenomenon. 
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Fig. 6. Electrical Resistivity and seismic 2D Tomography, Qyrsaqi Hydropower Plant, 

Raw Material Dam 

3.5.3. Slope stability and Landslide Investigation 

Albania represents a mountainous country with complicated geology. There are unstable 
mountain and hill’s slopes. Developing of new landslides or re-activation of the old ones is 
mainly due to construction works. 

Landslides are located in the deluvial deposits, and in the altered-bedrock. The slipping 
bodies of some landslides have very big volume, more 50 million cubic meters. 

Slope stabilization and landslides investigations have been realized successfully by 
integrated geophysical methods, which electrical soundings present an important method 
(Frasheri et al. 1985, 1997).Porava landslide is located in the lakeshore of the Fierza 
hydropower plant lake. Two geoelectrical markers are determined configuration of the sliding 
structure in the rocks of the volcanic sedimentary section. 

Slope stabilization and landslides investigations have been realized successfully by 
integrated geophysical methods, which electrical soundings present an important method (Fig. 7). 
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Fig. 7. Geoelectrical section and views of Porava landslide. 

Section shows presence of two categories of geoelectrical markers in the profile, which 
are determined full configuration of the sliding structure in the rocks of the volcanic sedimentary 
section. The primary category belongs to the lower contact, at 140-160 m depth and the upper at 
20 m depth, which separated rocks with different electrical properties. The lower boundary is the 
major boundary, which separated the slipping body from the main sedimentary-volcanic rocks. It 
is the geoelectrical marker that clearly envisages the bottom of the slipping body. As a result of 
the slipping phenomenon, these rocks have low up to medium electrical resistivity value (200- 
100 Ohmm). While the rock located under the whole massive slipping body have higher electrical 
resistivity values (in the farthest sector of the profile in the lake side 3000-3800 Ohmm and 1200- 
1400 Ohmm in the sector located near the artificial lake of Fierza hydropower plant). The upper 
boundary separated the slipping body into two big layers. The most upper part of this slipping 
body represented by the diluvium- eluvium deposits, is very active today and has very low 
resistivity values (120-500 Ohmm). This part is in continuous intensive movement, causing big 
damages for the houses of Porava village. The second category of boundaries is linked to the 
changes at heterogeneity in falling of slipping body, which is separated into blocks. 

Considering the so far results of integrated geophysical-geotechnical investigations for 
Porava landslide, we realize that the Porava slipping body will not happen the immediate fall and 
at the same speed as the whole mass, because it is separated into blocks and cab fall in parts. The 
answer to this question is certain only after the slipping dynamic is studied and monitoring, when 
the question for slipping body’s progress during strong earthquakes. 

3.5.4. Investigation of the ground degradation Kruja Castle Area 

The Castle of Kruja is the symbol of Albanian culture and history. In 1995 the Castle was “shaken 
up” under the Museum Gjergj Kastrioti Skenderbeg which was considered a safe. This downfall occurred 
after a period of heavy rainfall, characterized by heavy showers and a rapid decrease of temperature. The 
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overnight failing down of the large detached masses of about hundreds of cubic meters was unexpected. 
The ground has started to deteriorate and at the sides in some places is developing a process of collapse . 

By means of the geotechnical-geophysical investigation, it will be possible to provide a 
complete structural knowledge of the massifs either rock or half rock or soils. At the same time 
the characteristics and properties of the formation together with their dynamics can be provided 
through integrated in-situ tests: engineering geotechnical, geological and geophysical surveys: 
Refraction seismic of high frequency surveys, electrical soundings, recording of natural seismic 
micronoises, in situ parametric geophysical measurements on natural denudations and laboratory 
investigations of the rock samples. These data are necessary for determining technical solution for the 
emergency and future situation. The electrical soundings were carried out according to the 
Schlumberger array, with spacing AB/2 max = 100 m. 

3.6. Karstic zones and cave investigation 

The karstified zones can be distinguished from the compact limestone by using the resistivity 
soundings carried out with Schlumberger array and by electrical profding with multiple Schlumberger 
array A 1 A 2 A 3 MNB 3 B 2 B 1 (Frasheri et al. 1982). In the karstified zones, the geoelectrical section is KH 
type. Depending on the thickness of layers, A type geoelectrical section is also possible. Karstified 
surface forms, which are filled with residues of the altered material has a resistivity of first layer 
is smaller than that of the second layer, represented by karstified limestones with empty lattices. 
The third geoelectrical layer shows the resistivity is lower that of the second layer. This is 
because the less dense karst lattice is filled with water or clay. The fourth geoelectrical layer is 
represented by compact limestone, and consequently its resistivity is higher than that of all 
overlying layers. Geophysical surveys have been realized by using detailed mapping scales 1:500 and 
even 1:200 with survey grid (l-2)x(2-5) meters. 

Conclusions 

Fifty years of a period of intensive resistivity method application in Albania, for solving 
of wide spectre of geological tasks, have demonstrated: 1) Resistivity method successfully 

has stood the time test, for more of a half a century. Resistivity method represents an important 
method in the applied geophysical exploration. 

2) Applied with a numerous arrays, resistivity method successfully has solved many 
geological tasks for oil and gas exploration, mining hydrogeological prospecting, and engineering 
and environmental geophysics. 
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Abstract 

The geothermal regime of the Albanides is described in this paper. Following a 
summary of the geological structure of the Albanides and of the oil and gas reservoirs in 
Albania, the parameters controlling the distribution of the present-day geothermal field are 
analyzed in detail: temperatures, geothermal gradient, heat flow density in the centre of 
Albanian Sedimentary Basin. The palaeo-thermal regime of the External Albanides is 
analyzed for the Upper Triassic-Eocene carbonates and the Middle-Upper Miocene and 
Pliocene molasse. The burial and thermal history of the External Albanides and the 
implications for hydrocarbon generation are analyzed. 

Key words: Geothermal history, geothermal gradient, palaeo-geothermal regime, hydrcarbon 
generation. 

1. Introduction 

Geothermal studies have been carried out in Albania over the past 90 years, in the framework 
of Geothermal Atlas of Albania, the European Geothermal Atlas and the Atlas of the 
Geothermal Resources in Europe. 
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These studies were based on the temperature logs in the 137 deep oil and gas wells and in 50 
shallow boreholes, and the following maps were prepared: Temperature Maps at 100, 500, 
1000, 2000, 3000 metres depths, Average Geothermal Gradient Map, Heat Flow Density 
Map, and Geothermal Resources Thematic Map. Geothermal models have been developed, 
based on regional geological-geophysical profiles. Temperature distributions down to 50 km 
depth, based on these models have presented in two regional profiles: Albanid-1 and 
Albanid-2, which run from Falco (Italian Adriatic Shelf) to the NE and SE of Albania (far 
location, see Fig. 1). The results of these modelling studies have been used in the 
interpretation of the Heat Flow Density Map of Albania. Thermal water springs and deep 
wells have been investigated, and geothermal potential of the reservoirs has been evaluated. 

2. Geological setting of the Albanides 

The Albanides represents the assemblage of the geological structures in the territory 
of Albania and, together with the Dinarides to the north and, the Hellenides to the south form 
the southern branch of the Mediterranean Alpine Belt. The Albanides are formed by two 
major palaeogeographic domains: the Internal Albanides in the eastern part and the External 
Albanides in the western part of Albania. The Internal Albanides are characterized by the 
presence of the immense and intensively tectonised ophiolitic belt, which is displaced from 
east to west as an overthrust nappe (Frasheri et al. 1996). The External Albanides developed 
on the western passive margin and continental shelf of the Adriatic plate. The External 
Albanides are affected only by the later palaeotectonic stages, and are characterized by 
regular overthrust structural belts. Geological and geophysical regional studies, based on 
facial- structural criteria, have distinguished a number tectonic zones (Fig. 1): 
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Internal Albanides: Korabi, Mirdita, and Gashi tectonic zones, 

External Albanides Albanian Alps, Krasta-Cukali, Kruja, Ionian, and Sazani tectonic zones, 
and Peri Adriatic Depression. 

Oil pools and gas reservoirs are located in the Ionian and Peri Adriatic Depression 
(Foto et al. 1998, Foto 2000, Misha et al. 1999). 

The Ionian zone (Io) occurs the southwestern part of Albania and developed in a deep 
pelagic environment the upper Triassic. The Permian- Triassic evaporites are the oldest rocks 
in this zone. Overlying are thick deposits formed by Upper Triassic- lower Jurassic dolomitic 
limestones and Jurassic-Cretaceous-Palaeogene pelagic cherty limestones. The limestones are 
overlain by Palaeogenic flysch, an Aquitanian flyschoidal formation and a thin section of 
Burdigalian-Langhian (and partially of Serravalian-Tortonian), age which mainly fill the 
synclinal belts. The Burdigalian deposits unconformably overlay the anticline belts. Three 
tectonic blocks, representing the structural belts, are present in the Ionian zone: 

a) The Berati anticline belt, in the eastern margin of the zone. 

b) Kurveleshi anticline belt, in the central part of the zone. 

c) Qika anticline belt, which represents the western edge of the Ionian zone. 

Structures are fractured by longitudinal tectonic faults on their western flanks, with 
thrusting of 5-10 km horizontal displacement. Two main tectonic styles are distinguished in 
the Ionian zone: duplex tectonic and imbricate tectonic styles. Regional reflection seismic 
lines through the Ionian zone clearly show that during the overthrusting structuration of the 
Ionian zone, formations from upper Oligocene to Langhian were extended over underlying 
limestones of southern Adriatic basin and Sazani Zone. 

Peri-Adriatic Depression. The overlying Peri-Adriatic Depression covers the Ionian, 
Sazani and part of the Kruja tectonic zones. This is a foredeep filled with middle Miocene 
and Pliocene molasse, which are mainly covered by Quaternary deposits. From south-east to 
north-west, the thickness of the molasse increases, reaching 5000 m. Serravalian and 
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Tortonian sandstone-clay deposits were trangressively extended over the older units, 
including the Eocene limestone. 

The Albanian sedimentary basin extends in the Adriatic shelf with detrial and 
carbonate formations. 

3. Oil pools and gas reservoir in Albania 

There are 1 1 main oil and gas reservoirs are located in the Ionian zone and in the Peri 
Adriatic Depression (Fig. 1). Reservoirs are formed by carbonates and by sandstones of the 
molasse formation (£uri 1993, Misha et al. 1999, Sazhdanaku et al. 1999). 

Oil pools in carbonate reservoirs are located in the Kurveleshi anticline belt of Ionian 
tectonic zone. There are three types of carbonate reservoirs: Upper Cretaceous- Palaeocene- 
Eocene; Jurassic- Palaeocene- Eocene; and one of Upper Triassic- Palaeogene. The traps are 
generally of anticline type, sometimes partly eroded and covered by flysch or Neogene 
Molasse. 

Oil pools in sandstone reservoirs occur in the Tortonian-Messinian molasse section 
that transgressed over the older formations up to Palaeogene limestones in the Peri Adriatic 
Depression. The Tortonian- Messinian molasse comprises by marine shale, submarine fans, 
and deltaic coastal sand and shale interbeds with coastal, bay, lagoon and delta deposits 
forming the Tortonian- Messinian reservoirs. These reservoirs can be oil and gas-condensate- 
bearing, oil-gas-bearing and oil-bearing. The hydrocarbons have been generated at depth in 
the carbonates. 

In the oil pools, different types of hydrocarbons are present: condensates, highly 
paraffinic oil, paraffinic oil and asphaltic resinous oils. In the Kurveleshi Belt fields, 
aromatic-intermediate oils unsaturated with gas, and aromatic bitumens with high sulfur 
content have filled the reservoirs. Paraffinic- naphthenic petroleum occur in the £ika Belt. 
The wet and very wet associated gases have a high content of PES and CO 2 and are very 
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acidic. Stable carbon Isotopic ratios ( S l3 C ) range from 37.4 up to 52.3%, which suggests the 
presence of at least two petroleum generation phases. 

The Peri Adriatic Depression is the main gas production play in Albania ( Dulaj & 
Gjini 1997). Biogenic gas reservoirs are located in the Miocene-Pliocene molasses, in which 
comprise massive shales, prodelta clays and submarine fans. The trap types are stratigraphic, 
and structural-lithological, formed during the Pliocene and post Pliocene tectonism. 

The Upper Triassic to the Upper Cretaceous carbonate of Ionian, Kruja and Krasta- 
Cukali tectonic zones contain several rich to very rich source-rock intervals. The main 
interval are (£uri 1993, Dulaj & Basha 1998): 

• Bituminous Upper Triassic dolomitic schist, with T.O.C about 4.96% and vitrinite 
reflectance Ro=0.7-0.87%. 

• Bituminous clay-dolomitic schists at the Upper Triassic-Lower Jurassic boundary, 
very rich with T.O.C up to 29.1%, and vitrinite reflectance RO reaching 0.65%. 

• Bituminous schist of Cretaceous, with T.O.C= 1- 27.1 % and vitrinite reflectance 
Ro=0.41= 0.446%. 

For the all sources rock levels, the concentrated kerogen is predominately of Type I, and the 
dispersed kerogen of Type II. 

The dispersed kerogen type in the Miocene-Pliocene molasses is predominately Type 
Ill-a and Type Ill-b, and has generated gas. T.O.C. has a low value, below 0.4%, and the 
vitrinite reflectance Ro=0.3- 0.5% even below 6000 m. 

The great thickness of the sedimentary series, the occurrence of good quality source- 
rocks at several stratigraphic levels, the suitable relationship between source-rocks and 
reservoir/seal pairs and the structuration of the External Albanides provide excellent 
conditions for entrapment and preservation of major hydrocarbon accumulations at shallow 
and at greater depths. 
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The migration phases of hydrocarbons were during the Burdigalian, Tortonian and 
Pliocene are distinguished. 

4. Geothermy of the External Albanides 

The temperature: The geothermal field in the External Albanides is characterized by 
a relatively low temperature (Fig. 2, 3, Tab.l) (Cermak, Kresl, Kucerova et al. 1996, Frasheri 
1993, 2001, Frasheri et al. 1999). In the central part of the Peri-Adriatic Depression the 
temperature at 100 metres depth varies from 8 to 20°C and at 6.000 metres depth increases to 
105, 8°C. According to the geothermal modelling, the temperature is 262, 3°C at a depth 
18.000 m, where the top of the crystalline basement is predicted. The isotherms follow the 
structural configuration of the Albanides. The observed geothermal field, with relatively low 
temperatures, is characteristic of sedimentary basins with a great thickness of sediments. 

The geothermal gradient: The External Albanides are characterized by low 
geothermal gradients. In the Peri-Adriatic Depression, the gradient varies from 1,61-2,13 
°C/100m. According to the modelling results, the gradient decreases below 15 km to a 
maximum of 0,9 °C/100m. This change of the gradient coincides with the top of the Jurassic 
carbonate section. All structural and lithological variations in the Ionic zone and Peri-Adriatic 
Depression are reflected in the distribution of the geothermal field. The higher gradients 
occur in the anticlinal molasse structures in the centre of the Peri-Adriatic Depression, with 
the higher value of about 2,13 °C/100m in the Pliocene clay section in the centre of Peri- 
Adriatic Depression. Increasing sand content decreases the geothermal gradient and the 
gradient also decreases (by 10-29%) in the limestone core of anticlines in Ionic zone. The 
lowest values of 0,7-1, 1 °C/100m are observed in the deep synclinal belts. Over-pressure in 
the molasse of the Albanian Sedimentary Basin also has a great influence on the values of 
geothermal gradient. Focal variations of the temperature and the geothermal gradient are 
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observed in a small distances of 7-8 km. For example, at a depth of 3000m the temperature 
may vary up to 8-9°C over these distances. Even in a vertical direction, the geothermal 
gradient values can change from 1,05 to 1,75 °C/ v 00m. 

The Heat Flow Density: Heat Flow Density of the Albanian Sedimentary Basin ranges 25,2- 
41,4 mW/m 2 , which represent an HFU = 0,60-0,98 (Fig.4, Tab. 1). Heat flow density has its 
highest value of 42 mW.m" in the centre of Peri-Adriatic Depression. The 30 mW" value 
isotherms open towards the Adriatic Sea Shelf. 

In Table 2 the thermal regime of the oil pools and gas reservoirs in Albania are 
summarized. 

The Palaeotemperature regime: The parameters of the present-day geothermal regime, 
seismic data, amount of removed sediments, tectonic subsidence analysis and geodynamics 
considerations have been used to calculate the palaeo geothermal model. This model was 
calibrated by measured vitrinite reflectance. Palaeotemperatures were estimated using 
Nemchenco N. methode (Nemchenco 2002). 

The burial and thermal history of the of Upper Triassic- Jurassic-Cretaceous- 
Palaeocene and Eocene carbonate section, the Fowe Oligocene flysch section, and Middle- 
Upper Miocene and Pliocene molasse is presented in Table 3 in particular the thermal regime 
for the main carbonate source rocks, with kerogen of Type I concentrated and Type II 
dispersed kerogen. 

Modelling results indicate that maximum temperatures of 105,3 °C occurred during 
Upper Triassic-Fower Oligocene with palaeogeothermal gradient ranges of 1,28-2,10 °C/100 
meters and a heat flow density of 38,5 mW/m 2 . Maximum temperature in the main Cretaous 
carbonate source rocks was 54,5 °C. In these conditions, the organic matter would have been 
thermally mature, entering the oil window. The Upper Triassic to Fower Oligocene section of 
the Albanian Sedimentary Basin would thus entered the first phase of the hydrocarbon 
generation, with condensate, oil and gas. Eater, during the Middle-Upper Oligocene and 
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Miocene, the carbonate section was located at greater depth, with maximum temperatures up 
to 250°C. This geothermal regime created the thermal conditions for methane generation, thus 
consideration opening up new possibilities for the discovering of methane reservoirs at the 
depth of the Albanian Sedimentary Basin. 

Maximum temperatures up to 122, 8°C, with a geothermal gradient 1,67 °C/100 m and 
Heat Flow Density ranges of 39,8-41,2 mW/m during the Middle and Upper Miocene, 
created the thermal conditions for maturation of the organic material in the molasse 
formations, and also in the Pliocene section, where the maximum temperature is 64,9°C, 
geothermal gradient up to 2,13 °C/100 m, and Heat Flow Density 41,4 mW/m 2 . However, the 
general interpretation of the Albanian petroleum geologists is that in molasse formations the 
gas was generated biogenically from Typr III organic matter. The oil of molasse section is 
correlated with the carbonate source rocks is thought to have migrated through the eroded 
tops of the limestone anticlines. 

The thermal regime in the Middle-Upper Miocene, with the temperatures up to 
122,8°C and Heat Flow Density 41,2 mW/m 2 , creates the possibility that the complete 
molasses section was in the oil window and oil have been generated from organic material 
within it. This interpretation could open new possibilities for discovery oil pools in the 
Miocene molasses in suitable traps, which do not have direct contact with eroded limestone 
anticlines. 

5. Conclusions 

1. The Albanian Sedimentary Basin represents a major and deep geological structure with a 
relatively low Heat Flow Density at the present-day, equal with maximum 0.98 HFU. 
Temperatures range from 20.7°C at the top of the Pliocene section to 262, 3°C, at the top of 
the crystalline basement. Geothermal gradients range between 0,9-2,13 °C/100 m. 
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2. During the sedimentation of the Upper Triassic-Eocene carbonate, the temperature ranged 
between 34,6- 105, 3°C, and consequently the organic matter become thermally mature, and 
able to generate hydrocarbons. This was the first phase of hydrocarbon generation. With 
increasing of the basin subsidence, the temperature of the carbonates was raised to 250°C, 
and with suitable conditions for methane generation. This represents the second phase of the 
hydrocarbon generation. 

3. During the sedimentation of the Middle -Upper Miocene age, the molasse formations 
reached a temperature of 122,8°C and a Heat Flow Density 41,2 mW/m 2 , which has created 
the possibility for the molasses section to enter the oil window, and oil may have generated 
from organic matter. This interpretation could open new possibilities for discovery of oil 
pools in suitable traps in the Miocene molasses of the Albania Sedimentary Basin, onshore 
and offshore. The biogenic gas generation in the Middle-Upper Miocene and Pliocene 
molasse represents the third phase of the hydrocarbon generation in Albanides. 
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LIST OF CAPTIONS 

Fig. 1. Schematic Tectonic Map of Albania and oil and gas reservoirs 

Fig. 2. Geological-geophysical regional profile of the Albanides (Adriatic Shelf-Durres- 
Tirana-Peshkopi). 

1- Miocene -Pliocene Molasses; 2- Paleogene -Lower Neogene Flysch and 
Flyschoidal Formation; 3- Mesozoic-Eocene Carbonate Formation; 4- Ultrabasic 
Rocks; 5- Salt; 6- Upper Crust; 7- Lower Crust; 8- MOHO Discontinuity; 9- 
Overthrust tectonics; 10- Crustal Fractures; 11- Density; 12- Temperature; 13- 
Deep Wells; 14- Bouguer Anomaly; 15- Magnetic Anomaly; 16- Heat Flow 
Density. 

Fig. 3. Present-days temperature regime in the centre of the Albanian Sedimentary Basin. 

Fig. 4. Heat Density Map of Albania. 
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Tab. 1 

Present - day geothermal regime of the Albanian Sedimentary Basin 




Geothermal 

Heat Flow Density 


Age 

Temperature 

(°C) 

Gradient 

(°C/100m) 

(mW/m 2 ) 

HFU 

Note 

Pliocene (N^ogozhma secUon) 

20.7-37.1 

1.61 

41.4 

0.98 

After Ko-10 
data 

Pliocene (N 2 Helmesi secuon ) 

37.1-64.9 

2.13 

41.3 

0.98 

After Ko-10 
data 

Upper Miocene (Nf 1 ) 

64.9-122.8 

1.67 

41.2 

0.98 

After Ko-10 
and A- 18 data 

Middle Miocene (Ni 2 ) 

122.8-143.7 

1.61 

39.8 

0.95 

After 

Lower Miocene (Ni 1 ) 

143.7-175.1 

1.43 

36.4 

0.87 

calculated 

Oligocene (Pg 3) 

175.1-216.3 

1.29 

34.3 

0.81 

data 

Paleocene-Eocene (Pgi- 2 ) 

216.3-222.6 

1.26 

30.6 

0.73 


Cretaceous (Cr) 

222.6-235.1 

1.14 

23.7 

0.56 


Jurassic (J) 

235.1-247.8 

0.98 

24.6 

0.59 


Upper Triasic (T 3 ) 

247.8-256.8 

0.90 

25.2 

0.60 


Lower-Middle Triasic (Ti_ 2 ) 

256.8-262.3 

1.00 

33.3 

0.79 


Crystal Basement 

262.3 
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Table 2 


Thermal regime of the oil pools and gas reservoirs in Albania 


Reservoir 

Thermal regime 




Lithology 
and age 

Location 

Temperature 

(°C) 

Gradient 

(°C/100m) 

Heat flow 
density 
(mW/m 2 ) 

Average 
depth (m) 

Fluid 

Limestone 

Gorisht 

37.0-55.0 

1.86 

48.0 

1 300 

Oil and gas 

Pgl-2"T3 

Ballsh 

28.4-49.4 

1.59 

41.0 

1 500 



Finiq 

31.3-40.2 

1.39 

35.9 

1 750 



Amonica 

42.8-54.6 

1.53 

39.5 

2 450 



Cakran 

49.9-71.2 

1.54 

39.7 

3 100 

Condensate- 


Delvina 

30.8-41.3 

1.17 

30.2 

3 100 

Oil 

Sandstone 
Upper & 

Marinza 

33.4-37.8 

1.72 

36.0 

1 100 

Oil and gas 

Middle 

Miocene 

Kxnjova 

19.6-34.6 

1.67 

32.0 

750 









Sandstone 

Upper 

Miocene 

Divjaka 

21.0-78.6 

1.95 

48.2 

1 900 

Mixed 
biogenic gas 

Sandstone 

Pliocene 

Ballaj 

23.4-47.9 

2.18 

43.0 

1 000 

Very dry, 

biogenic gas 
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Table 3 

Burial and thermal history in the Albanides- implication for hydrocarbon generation 


Litho- 
logy 
and age 

Palaeothermal regime 

Buried 

rate 

m/Ma 

Geochemical data 

Hydrocarbon 

generation 

phase 

Tempe- 

rature, 

°C 

Gradient 

°C/100m 

Heat 

Flow 

Density 

mW/m 2 

Tempe- 

rature 

rate 

°C/Ma 

Kerogen 

type 

Vitrinite 
reflectance 
Ro (%) 

Geo- 

thermo 

metre 

(°C) 

Molasse 

Pliocene 

28.83- 

48.57 

1.85 

41.8 

3.96 

350 

III 

<0.5 

<50 

TiF 

Biogenic 

Gas 

Molasses 

Middle- 

Upper 

Miocene 

48.57- 

70.70 

1.8 

45.6 

2.59 

300 

Carbonat 

e 

Pgl-2"T3 

And 

Flysch 

pg 3 ‘ 

34.6- 

105.3 

1.28-2.10 

38.5 

0.62 

30 

I and II 

0.41-0.87 

43-104 

I st 

Oil, 

condensate 
and gas, 

II nd 

Methane 
phase at 
temperatu- 
res higher 
than 200°C 
during the 
Neogene 
sedimenta- 
tion. 

M 

Cone 

lain carbonate source rod 
entrated of I st type and di 

ks with kerogen 
spersed of II nd type 

Cr 2 -C ri 

54.5 

1.82 

37.9 



I 

0.41-0.446 

43 


J1-T3 

92.5 

1.80 

34.4 



I 

0.65 

76 

t 3 

97.8 

1.50 

28.6 



I 

0.7-0.87 

85- 

104 
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Fig. 1. Schematic Tectonic Map of Albania and oil and gas reservoirs 
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Fig. 2. Geological-geophysical regional profile of the Albanides (Adriatic Shelf-Durres- 
Tirana-Peshkopi). 

1- Miocene -Pliocene Molasses; 2- Paleogene-Lower Neogene Flysch and 
Flyschoidal Formation; 3- Mesozoic -Eocene Carbonate Formation; 4- Ultrabasic 
Rocks; 5- Salt; 6- Upper Crust; 7- Lower Crust; 8- MOHO Discontinuity; 9- 
Overthrust tectonics; 10- Crustal Fractures; 11- Density; 12- Temperature; 13- 
Deep Wells; 14- Bouguer Anomaly; 15- Magnetic Anomaly; 16- Heat Flow 
Density. 
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PRESENT DAY TEMPERATURE REGIME AT CENTRE OF 
ALBANIAN SEDIMENTARY BASIN 
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Fig. 3. Present-days temperature regime in the centre of the Albanian Sedimentary Basin. 
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Fig. 4. Heat Density Map of Albania. 
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ABSTRACT 

In this paper the geothermal region of Albanides and 
geothermal resources of Albania are presented. Shortly there 
are represented the methodic of geothermal studies and the 
evaluation of geothermal energy reserves. The fields of 
geothermal gradient are detailed and heat flow fields are 
represented. Particular attention is shown to the analysis of 
geothermal energy resources. 

Large numbers of geothermal energy of low enthalpy 
resources are located in different areas of Albania. Thermal 
waters are sulfate, sulfide, methane, and iodinate-bromide 
types. Thermal sources are located in three geothermal 
zones: 

Kruja geothermal zone represents a zone in carbonate 
reservoirs. 

Ardenica geothermal zone with sandstone reservoirs. 

Peshkopia geothermal zone, is located with disjunctive 
tectonics of the gypsum diapir. 

The geothermal situation in Albania offers three directions 
for the exploitation of geothermal energy: 

1. The use of the ground heat flow for space heating and 
cooling, by borehole heat exchanger-heat pumps systems. 

2. Thermal water sources and wells of low enthalpy. They 
represent the basis for a successful use of modern 
technologies for a complex and cascading utilization of this 
energy: 

SPA clinics and hotels for eco-tourism. 

Sanitary hot water for SPA and hotels, and hot waters for 
greenhouses and aquaculture installations. 

Extraction of chemical microelements. 

3. The use of deep abandoned oil and gas wells as “Vertical 
Earth Heat Probe”. 

Actually in Albania it is published the “Atlas of Geothermal 
Resources in Albania” 

(http://www.inima.al/~nfra/proiects/geothermal/AlbanianGe 
othermal Atlas .pdf) . 

Sensitization brochure on “Use of environmental friendly 
geothermal energy” (supported by UNDP-GEF SGP) may 
be found at http://www.inima.al/~nfra/geothermal/ and also 
at http://www.Geothermie.de/ . 

1. INTRODUCTION 

This paper represents a summary of the important results of 
the Monograph “Atlas of geothermal resources in Albania” 
2004 The Monograph is prepared in the framework of the 
National Program for Research and Developing- Natural 


Resources, 2003-2005. This Atlas represents the publication 
of the results of studies which were performed in the 
framework of the Committee for Sciences and Technology 
of Albania Projects and agreement between the Faculty of 
Geology and Mining, and the Geophysical Institute, Czech 
Acad. Sci., Prague, European Commision- International 
Heat Flow Commission and UNDP-GEF/SGP Tirana Office 
projects [Frasheri A. 1992, Frasheri A. et al. 1994, 1995, 
1996, 2001,2003]. 

In Albania there are many thermal water springs and wells 
of low enthalpy, with a temperature of up to 65.5°C, which 
indicates that there are possibilities for direct use of the 
geothermal energy. In Albania the new technologies of 
direct use of geothermal energy are either partly developed 
or remain still untouched. Integrated and cascading use of 
geothermal energy of low enthalpy will represent an 
important direction for profitable investment. Utilization of 
geothermal energy will have a direct impact in the 
development of the regions, by increasing their per capita 
income and at the same time ameliorating the standard of 
living of the people. 

2. GEOLOGY BEACKGROUND 

The Albanides represent the main geological structures that 
lie on the territory of Albania. They are located between the 
Dinarides in the north and the Helenides in the south, and 
together they form the Dinaric Branch of Mediterranean 
Alpine Belt. Albanides are divided in two big 
peleogeographical zones: the Inner Albanides and the 
External Albanides. Korabi, Mirdita (ophiolitic belt), 
presents the Inner Albanides and Gashi zones. The Alps, the 
Krasta-Cukali, the Kruja, the Ionian zone, the Sazani zone 
and the Pre-Adriatic Depression represent the External 
Albanides. The Depression as a part of Albanian 
Sedimentary Basin, continues towards the shelf of the 
Adriatic Sea. The geological cross-section of Albanian 
Sedimentary Basin is about 15 km thick and it also 
continues into the Adriatic Sea Shelf. 

The Ionian zone developed as a large pelagic trough in the 
Upper Trias sic. There, the evaporites of the Permian- 
Triassic are overlapped by a thick carbonade formation of 
the Upper Triassic-Eocene. The geological section on this 
carbonade formation is covered by Oligocene flysch, a 
flyschoid formation of the Aquitanian and by schilieres of 
the Burdigalian, Helvetian and particularly of Serravalian- 
Tortonian molasse. Burdigalian deposits are overlapped 
transgressively with an angular unconformity, anticline 
belts. The Tortonian Age deposits have filled the synclinal 
belts of Ionic and Kruja tectonic zones. 

Miocene and Pliocene molasse of Peri- Adriatic Depression 
overlies the structures of northern part of the Ionian zone. 
The structure of Neogenic molasses represents the upper 
tectonic stage of the structure of the Peri-Adriatic 
Depression. 
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In the over part of the section of Kruja zone, the carbonatic 
neritic rocks of the Cretaceous-Paleogene age are overlying 
the Oligocene flysch of a thickness of 5 km. 

The structures of the Albanides are typically Alpine ones. 
The SSE-NNW directions represent their general strike. The 
structures are asymmetrical and have a western vengeance. 
Recumbent, overthrusted and overtwisted structures are also 
found. Generally, their western flanks are affected by 
disjunctive tectonic. 

3. METHODS AND STUDY AREA 

Geothermal studies carried out in Albania are oriented 
toward the study of the distribution of the geothermal field 
and the natural thermal water springs and wells. Geothermal 
studies were extended throughout the country territory. 

The temperatures have been measured and the geothermal 
gradient and the heat flow density at different depths have 
also been calculated (Frasheri et al. 1995). Temperature 
measurements were carried out both in 145 deep wells, in 
boreholes and in mines, at different hypsometric levels. The 
temperature in the wells was recorded at regular intervals. It 
was measured by means of resistance and thermistor 
thermometers. The average absolute measurement error was 
0.3 °C. The measurements were carried out in a steady-state 
regime of the wells filled with mud or water. The recorded 
data was processed using the trend analysis of first and 
second degrees. The chemical composition of the waters was 
found. The output of the springs and wells and their 
hydrogeology was evaluated. 

4. RESULTS 

4.1. Geothermal Regime 

The Geothermal Regime of the Albanides is conditioned by 
tectonics of the region, lithology of geological section, local 
thermal properties of the rocks and geological location 
(Frasheri A. 1992, Frasheri et al. 1994, 1995, 2004). 

4.1.1. Temperature 

The geothermal field is characterized by a relatively low 
value of temperature. The temperature at a depth of 100 
meters, varies from less than 10 to almost 20°C, with the 
lowest values in the mountain regions. The temperature is 
105.8°C at a depth of 6000 meters, in the central part of the 
Peri-Adriatic Depression. The isotherm runs parallel to the 
Albanides strike (Fig. 1). Going deeper and deeper the zones 
of highest the temperatures move from southeast to 
northwest, towards the center of the Peri-Adriatic 
Depression and even further towards the northwestern coast. 
The temperatures in the ophiolitic belt is higher than in 
sedimentary basin, at the same depth. 

4.1.2. Geothermal Gradient 

In the External Albanides the geothermal gradient is 
relatively higher. The geothermal gradient displays the 
highest value of about 21.3 mK.m-1 in the Pliocene clay 
section in the centre of Peri-Adriatic Depression. The largest 
gradients are detected in the anticline molasses structures of 
the center of Pre-Adriatic Depression (Fig. 5). The gradient 
decreases about 10-29% where the core of anticlines in Ionic 
zone contains limestone. The lowest values of 7-11 mK.m-1 
of the gradient are observed in the deep synclinal belts of 
Ionic and Kruja tectonic zones (Fig.2). 

In the ophiolitic belt of the Mirdita tectonic zone, the 
geothermal gradient values increase up to 36 mK.m-1 at 
northeastern and southeastern part of the Albania. 


4.1.3. Heat Flow Density: 

Regional patterns of heat flow density in Albanian territory 
are presented in the Heat Flow Map. There are observed, 
two particularities of the scattering of the thermal field in 
Albanides (Fig. 3): 

Firstly, maximal value of the heat flow is equal to 42 
mW/m2 in the center of Peri-Adriatic Depression of 
External Albanides. The 30 mW-2 value isotherm is open 
towards the Adriatic Sea Shelf. These phenomena have 
taken place owing to the great thickness of sedimentary 
crust, mainly carbonatic one in this zone. 

Secondly, in the ophiolitic belt at eastern part of Albania, the 
heat flow density values are up to 60 mW/m2. The contours 
of Heat Flow Density give a clear configuration of the 
ophiolitic belt. Radiogene heat generation of the ophiolites is 
very low. In these conditions, increasing of the heat flow in 
the ophiolitic belt, is linked with heat flow transmitting from 
the depth. The granites of the crystalline basement, with the 
radiogenic heat generation, represent the heat source. 

4.2. Geothermal energy resources in Albania 

Large numbers of geothermal energy of low enthalpy 
resources are located in different areas of Albania. Thermal 
waters with a temperatures that reach values of up to 65.5°C 
are sulfate, sulfide, methane, and iodinate-bromide types 
(Frasheri A. et al. 1996, 2004) (Tab. 1, Fig.4). In many deep 
oil and gas wells there are thermal water fountain outputs 
with a temperature that varies from 32 to 65.5°C (table 2, 
Fig. 3) 

Albanian geothermal areas have different geologic and 
thermo-hydrogeological features. Thermal sources are 
located in three geothermal zones (fig. 4): 

Kruja geothermal zone represents a zone with bigness 
geothermal resources. Kruja zone has a length of 180 km. 
Kruja geothermal zone is extended from the Adriatic Sea in 
the North and continues to the South-Eastern area of Albania 
and into the Konitza area in Greece. Photo 1 shows 
Langarica - Permet thermal springs in southern Albania. 
Identified resources in carbonate reservoirs in the Albanian 
side are 5.9x108-5.1x109 GJ. The most important resources, 
explored until now, are located in the Northern half of the 
Kruja Geothermal Area, from Llixha-Elbasan in the South to 
Ishmi, in the North of Tirana. The values of specific 
reserves vary between 38.5-39.63 GJ/m2. 

The Kruja geothermal area represents an anticline structure 
chain with carbonatic core of Cretaceous-Eocene age. They 
are covered with Eocenic- Oligocenic flysch. Anticlinals are 
linear with lengths between 20-30 km. They are 
assymmetric and their western flanks are separated from 
disjunctive tectonics. Geothermal aquifers are represented 
by a karstified neritic carbonatic formation with numerous 
fissures and microfissures. 

In the Ishmi area, the Ishmi 1-b well had been drilled in 
1994. It is situated at the top part of the limestone structure. 
It is located 20 km North- West of Tirana, in the plain area, 
near “Mother Theresa” Tirana airport. It meets limestone at 
1300m of depth and goes through a carbonatic coupe of 
1016 m thickness. 

Kozani 8 well had been drilled in 1989 (Photo 2). It is 
situated 35 km South- East of Tirana and 8 km North- West 
of Elbasani. It is situated on hills close to Tirana- Elbasani 
national road. It meets limestone at 1810m of depth and goes 
10m deep in them. 
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Since the end of the drilling to this day hot water continues 
to fountain from Ishmi 1-b and Kozani 8 wells. 

Elbasani Llixha watering place is about 12 km South of 
Elbasani. There are seven spring groups that extend like a 
belt with 320o azimuth. All of them are connected with the 
main regional disjunctive tectonics of Kruja zone. Thermal 
waters flow out through the contact of a conglomerate layer 
with calcolistolith. In this area too, the reservoir is 
represented by the Llixha limestone structure. The springs 
had been discovered before the Second World War. 


Surface water temperatures in the Tirana-Elbasani zone 
varies from 60° to 65.5°. In the aquifer top in the well trunk 
of Kozani 8 the temperature is 80°C. Hot water is 
mineralized, with a general mineralization of 4.6-19.3 g/1. 
Elbasani Nosi Llixha water has the following formula: 


^ 2 ^ 0.403 


Cl VO 4 

jyj ^ 59 OLy 38 


7.1 


Na 46 Ca 35 


Peshkopia geothermal zone is situated in the Northeast of 
Albania. Two kilometers East of Peshkopia some thermal 
springs are situated very close to each other. These thermal 
springs flow out on the Banja river slope. These springs are 
linked with the disjunctive tectonic seismic-active zone 
Ohrid Lake-Debar, at periphery of gypsum diapir of Triassic 
age, that has penetrated Eocenic flysch, which surround it 
like a ring. The occurrence of thermal waters is connected 
with the low circulation zone always under water pressure. 
They are of sulfate-calcium type, with a mineralization of up 
to 4.4 g/1, containing 50 mg/1 H2S. Their chemical formula 
is: 


^ 2 ^ 0 . 0495 ^ 4.4 


SO* 

Ca 65 


The yield of some of the springs goes up to 14 1/sec. Water 
temperature is 43.5 °C. 

The water temperature, high yield, stability, and aquifer 
temperature of Peshkopia Geothermal Area are similar with 
those of Kruja Geothermal Area. For this reason geothermal 
resources of Peshkopia Area have been estimated to be 
similar to those of Tirana- Elbasani area. 


1. Modem SPA clinics for treatment of different diseases 
and hotels, with thermal pools, for the development of eco- 
tourism. Such centers may attract a lot of clients not only 
from Albania, because of the curative properties of waters 
and springs are situated near the seaside, the Gjinari 
mountains or Ohrid Lake pearl. 

The oldest and most important thermal springs are at the 
Elbasani Llixha SPA, located in Central Albania. By 
national road communication, the Llixha area is connected 
with Elbasani. These thermal springs from about 2000 years 
ago are known, near the old road “Via Egnatia" that has 
passed from Durresi-Ohrid- to Constantinople. All seven 
groups of the springs in Llixha Elbasani and Kozani-8 well, 
near of Saint Vladimir Monastery at Elbasani, have the 
possibilities for modern complex utilization. Ishmi 1/b 
geothermal well is located in beautiful the Tirana field, near 
the Mother Theresa- Tirana Airport, close to the Adriatic 
coastline and the Kmja - Skenderbeg Mountain. 

Peshkopia SPA was constructed by modern concepts as 
balneological geothermal center. There are thermal pools, 
for medical treatment and recreation. Construction of the 
Peshkopia SPA must be en good example for new SPA 
construction in Albania. 

2. The hot water can be used also for heating of hotels, SPA 
and tourist centers, as well as for the preparation of sanitary 
hot water used there. Near these medical and tourist centers 
it is possible to build greenhouses for flowers and 
vegetables, and aquaculture installations. 

3. From thermal mineral waters it is possible to extract very 
useful chemical microelements as iodine, bromine, chlorine 
etc. and other natural salts, so necessary for preparation of 
pomades for the treatment of many skin diseases as well as 
for beauty treatments. From these waters it is possible to 
extract sulphidric and carbonic gas. 

Thirdly, the use of deep doublet abandoned oil and gas wells 
and single wells for geothermal energy, in the form of a 
“Vertical Earth Heat Probe”. The geothermal gradient of the 
Albanian Sedimentary Basin has average values of about 
18.7 mK-m-1. At 2 000 m depth the temperature reaches a 
value of about 48°C. In these single abandoned wells a 
closed circuit water system can be installed. Greenhouses 
can be built near these wells. 


Ardenica geothermal zone is located in the coastal area of 
Albania, in sandstone reservoirs. 

5. DIRECTIONS FOR THE DIRECT USE OF 
GEOTHERMAL ENERGY OF LOW ENTHALPY IN 
ALBANIA 

The geothermal situation of low enthalpy in Albania offers 
three possibilities for the direct use of geothermal waters 
energy. Geothermal energy utilization must be realized by 
an integrated scheme of geothermal energy, heat pumps and 
solar energy, and the cascading use of this energy (Frasheri 
A. 2001, Frasheri A. et al. 2003, 2004). 


Consequently, the sources of low enthalpy geothermal 
energy in Albania, which are at the same time the sources of 
multi-element mineral waters, represent the basis for a 
successful use of modern technologies for a complex and 
cascading utilization of this environmentally friendly 
renewable energy, thus achieving economic effectiveness. 
Such developments are useful for the creation of new 
working places and improvements to the standard of living 
for local communities near thermal sources. 

6. CONCLUSIONS 

Albania has geothermal energy resources, which can be 
directly used as alternative, environmental friendly energy. 


Firstly, the Ground Heat can be use for space heating and 
cooling by the Borehole Heat Exchanger- Geothermal Heat 
Pumps modem systems. 

Secondly, thermal sources of low enthalpy and of maximal 
temperature are up to 65.5°C. 

Thermal waters of springs and wells may be used in several 
ways: 


2. Resources of the geothermal energy in Albania are; 

Natural springs and deep wells with thermal water, of a 
temperature up to 65.5°C. 

Heat of subsurface ground, with an average temperature of 
16.4oC and depth Earth Heat Flow. 
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3. Construction of a space-heating system, based on direct 
use of ground heat, by using the shallow borehole heat 
exchanger (BHE)-Heat Pumps systems, are actually the most 
important usage of geothermal energy. 
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Photo 1. Langarica-Permeti thermal water springs 


Photo 2. Geothermak deep well Kozani - 8 
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Table 1: Thermal Water Springs In Albania 


N°of 

Springs 

Location 

Temperature in 
°C 

Salt 
in mg/I 

Artesian Spring 
yield in l.s-1 

1 

Llixha Elbasan 

60 

0.3 

0 

2 

Peshkopi 

5-43 

9 

10 

3 

Krane-Sarande 

34 


<10 

4 

Langarica-Permet 

6-31 


>10 

5 

Shupal-Tirana 

29.5 


10 

6 

Sarandoporo-Leskovik 

26.7 


>10 

7 

Tervoll-Gramsh 

24 


>10 

8 

Mamurras-Tirane 

21 

26 

>10 

9 

Steam Postenani 

springs 





Table 2: The Oil And Gas Wells That Have Self-Discharge Of The Thermal Water, 


N° 

Well Name 

Temperature 
in °C 

Salt 
in mg.r 1 

Self-discharge 
in l.sec' 1 

1 

Kozani 

65.5 

4.6 

10.4 

2 

Ishmi 

64 

19.3 

4.4 

3 

Galigati 

45-50 

5.7 

0.9 

4 

Bubullima 

48-50 

35 


5 

Ardenica 

38 


15-18 

6 

Ardenica 

32 



7 

Semani 

35 


5 

8 

Verbasi 

29.3 


1-3 


5 
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TABLE 1. PRESENT AND PLANNED PRODUCTION OF ELECTRICITY (Installed capacity 



Geothermal 

Fossil Fuels 

Plydro 

Nuclear 

Other 

Renewables 

(specify) 

Total 

Capac- 

ity 

MWe 

Gross 

Prod. 

GWh/yr 

Capac- 

ity 

MWe 

Gross 

Prod. 

GWh/yr 

Capac- 

ity 

MWe 

Gross 

Prod. 

GWh/yr 

Capac- 

ity 

MWe 

Gross 

Prod. 

GWh/yr 

Capac- 

ity 

MWe 

Gross 

Prod. 

GWh/yr 

Capac- 

ity 

MWe 

Gross 

Prod. 

GWh/yr 

In operation 
in December 2004 



224 

81 

1446 

4876 





1670 

4957 

Under construction 
in December 2004 













Funds committed, 
but not yet under 
construction in 
December 2004 











220 

390 

Total projected 
use by 2010 



839 

3781 

1646 

6870 





2475 

10651 
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TABLE 3. UTILIZATION OF GEOTHERMAL ENERGY FOR DIRECT HEAT 
AS OF 31 DECEMBER 2004 (other than heat pumps) 

1( I = Industrial process heat H = Individual space heating (other than heat pumps) 

C = Air conditioning (cooling) D = District heating (other than heat pumps) 

A = Agricultural drying (grain, fruit, vegetables) B = Bathing and swimming (including balneology) 

F = Fish farming G = Greenhouse and soil heating 

K = Animal farming O = Other (please specify by footnote) 

S = Snow melting 

2 * Enthalpy information is given only if there is steam or two-phase flow 

3) Capacity (MWt) = Max. flow rate (kg/s)[inlet temp. (°C) - outlet temp. (°C)] x 0.004184 (MW=106 W) 
or = Max. flow rate (kg/s)[inlet enthalpy (kJ/kg) - outlet enthalpy (kJ/kg)] x 0.001 

4 * Energy use (TJ/yr) = Ave. flow rate (kg/s) x [inlet temp. (°C) - outlet temp. (°C)] x 0.1319 (TJ=1012 J) 
or = Ave. flow rate (kg/s) x [inlet enthalpy (kJ/kg) - outlet enthalpy (kJ/kg)] x 0.03154 

5) Capacity factor = [Annual Energy Use (TJ/yr)/Capacity (MWt)] x 0.03171 

Note: the capacity factor must be less than or equal to 1 .00 and is usually less, 
since projects do not operate at 100% of capacity all year. 

Note: please report all numbers to three significant figures. 


Locality 

Type 1 * 

Maximum Utilization 

Capacity 3 * 

(MWt) 

Annual Utilization 

Flow Rate 
(kg/s) 

Temperature (°C) 

Enthalpy 2 * (kJ/kg) 

Ave. Flow 
(kg/s) 

Energy 4 * 

(TJ/yr) 

Capacity 

Factor 5 * 

Inlet 

Outlet 

Inlet 

Outlet 

Llixha Elbasan 

B 

15 

60 

18 



2.64 

9 

3.56 

0.042 

Peshkopi 

B 

16 

43 

18 



1.49 

6 

2.4 

0.051 

Hydrat 

B 

18 

55 

18 



2.78 

3 

1.19 

0.013 

Ishmi 

B 

3.5 

64 

18 



0.61 

2.5 

0.99 

0.019 

Kozani 

B 

10.3 

65.5 

18 



2.05 

1 

0.39 

0.006 

TOTAL 


62.8 





9.57 

21.5 

8.53 

0.131 


9 




390 


Frasheri 


TABLE 5. SUMMARY TABLE OF GEOTHERMAL DIRECT HEAT USES 
AS OF 31 DECEMBER 2004 


1} Installed Capacity (thermal power) (MWt) = Max. flow rate (kg/s) x [inlet temp. (°C) - outlet temp. (°C)] x 0.004184 
or = Max. flow rate (kg/s) x [inlet enthalpy (kJ/kg) - outlet enthalpy (kJ/kg)] x 0.001 

2) Annual Energy Use (TJ/yr) = Ave. flow rate (kg/s) x [inlet temp. (°C) - outlet temp. (°C)] x 0.1319 (TJ = 1012 J) 

or = Ave. flow rate (kg/s) x [inlet enthalpy (kJ/kg) - outlet enthalpy (kJ/kg) x 0.03154 

3) Capacity Factor = [Annual Energy Use (TJ/yr)/Capacity (MWt)] x 0.031 71 ( MW = 1 06 W) 

Note: the capacity factor must be less than or equal to 1 .00 and is usually less, 
since projects do not operate at 100% capacity all year 

Note: please report all numbers to three significant figures. 


Use 

Installed 

Capacity 1 * 

(MWt) 


Annual Energy Use 2 * 
(TJ/yr = 10 12 J/yr) 

Capacity Factor 3 * 

Individual Space Heating 4 * 

— 

— 

— 

District Heating 4) 

— 

— 

— 

Air Conditioning (Cooling) 

— 

— 

— 

Greenhouse Heating 

— 

— 

— 

Fish Farming 

— 

— 

— 

Animal Farming 

— 

— 

— 

Agricultural Drying 5 * 

— 

— 

— 

Industrial Process Heat 6 * 

— 

— 

— 

Snow Melting 

— 

— 

— 

Bathing and Swimming 7 * 

9.57 

8.53 

0.131 

Other Uses (specify) 

— 

— 

— 

Subtotal 




Geothermal Heat Pumps 

— 

— 

— 

TOTAL 

9.57 

8.53 

0.131 


4) Other than heat pumps 

5) Includes drying or dehydration of grains, fruits and vegetables 

6) Excludes agricultural drying and dehydration 

7) Includes balneology 
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TABLE 6. WELLS DRILLED FOR ELECTRICAL, DIRECT AND COMBINED USE OF 
GEOTHERMAL RESOURCES FROM JANUARY 1, 2000 
TO DECEMBER 31, 2004 (excluding heat pump wells) 

1} Include thermal gradient wells, but not ones less than 100 m deep 


Purpose 

Wellhead 

Temperature 

Number of Wells Drilled 

Total Depth 
(km) 

Electric 

Power 

Direct 

Use 

Combined 

Other 

(specify) 

Exploration 1 ’ 

(all) 







Production 

>150°C 







150-1 00° C 







<100° C 


2 



3.5 


Injection 

(all) 







Total 


2 



3.5 



TABLE 7. ALLOCATION OF PROFESSIONAL PERSONNEL TO GEOTHERMAL ACTIVITIES 

(Restricted to personnel with University degrees) 


(1) Government 

(2) Public Utilities 

(3) Universities 


(4) Paid Foreign Consultants 

(5) Contributed Through Foreign Aid Programs 

(6) Private Industry 


Year 

Professional Person-Years of 

Effort 


(1) 

(2) 

(3) 

(4) 

(5) 

(6) 

2000 



2 



95 

2001 



2 



110 

2002 



2 



110 

2003 


5 

13 



115 

2004 


5 

9 



135 

Total 


10 

28 



566 


ll 
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TABLE 8. TOTAL INVESTMENTS IN GEOTHERMAL IN (2004) US$ 


Period 

Research & 
Development 

Field Development 
Including Production 


Utilization 

Funding Type 


Incl. Surface Explor. 
& Exploration Drilling 

Drilling & 

Surface Equipment 


Direct 

Electrical 

Private 

Public 


Million US$ 

Million US$ 


Million US$ 

Million US$ 

% 

% 

1990-1994 

0.009 


1.525 


0.164 

1.37 

1995-1999 

0.046 


1.722 


0.755 

1.013 

2000-2004 

0.06 


2.071 


1.151 

0.98 
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Geophysical features of the Alpine Mediterranean Folded Belt, in the Albanides framework 

Alfred Frasheri, Faculty of Geology and Mining, Salvatore Bushati*, Geophysical Center, and Niko Pano 
Institute of Hydrometeorology, Academy of Science 


Summary 

Distribution of gravity, magentic and geothermal fields, 
and their anomalous features in Albanides onshore and in 
the Albanian Adriatic Shelf in this paper are presented. 
There are presented also a hydrographical-geothermal 
phenomenon in the Albanian Adriatic Sea area, which are 
correlated with Albanides geological setting. 

Key words: Geothermal, Gravity, Heat Flow, 

Interpretation, Magnetics. 

Introduction 

The Albanides represent the assemblage of the geological 
structures in the territory of Albania, and together with the 
Dinarides at the North and the Hellenides at the South, 
have formed the southern branch of the Mediterranean 
Alpine Belt. 

Integrated onshore and offshore regional geophysical 
studies have been performed for the exploration of the 
Albanides. Seismological studies, gravity and magnetic 
surveys, reflection seismic lines, geothermal studies, 
radiometric investigations, vertical electrical soundings 
and integrated well loggings represent the applied complex 
of the geophysical investigation. The structural analysis of 
the Albanides according to the integrated geophysical 
investigations, in the framework of the integrated 
interpretation with geological studies results is presented. 
Integrated oceanographic, hydrographic and hydrological 
observations and study have been carried out in the 
Adriatic and Ionian seas, and littoral areas. 

Methods 

Regional Gravity and Magnetic Mapping of Albanian 
onshore territory have been performed at the scale 
1:200.000. For the western oil and gas bearing regions of 
Albania have the gravity map of Bouguer Anomaly at scale 
1 . 100 . 000 . 

The studies on the geothermal field and evaluation of the 
geothermal energy in Albania, in the framework of the 
preparation of “Atlas of Geothermal Resources in 
Albania”, were performed on the basis of temperature logs 
in the 84 deep oil and gas wells and in 59 shallow 
boreholes. The temperature was measured with either 
resistance or thermistor thermometers. The thermal inertia 


of these thermometers is 5-6 seconds and 3.5 seconds, 
respectively. Laboratory of Department of Geothermics of 
the Geophysical Institute, Czech Academy of Sciences, 
Prague the thermal conductivity of the rocks was 
determined. The heat-flow density was calculated. Heat- 
flow density calculations were made for homogenous 
lithology part of geological sections, according to several 
models. The temperature maps at 100, 500, 1000, 2000, 
3000 meters depths, average geothermal gradient map, heat 
flow density map and geothermal zones map, by the 
processed data were compiled. The maps of the Albanian 
territory have been linked with Greek and Adriatic space 
ones. Estimation of the geothermal resources of the 
thermal zones has been performed, based on a volumetric 
heat content of the model assuming exploitation of 
geothermal energy by a doublet or a singled wells system. 

Oceanographic, hydrographical and hydrological studies 
are based on multi annual observations in the hydrometric 
station network since 1958 and on two Albanian 
oceanographic expeditions “Saranda-1963” and “Patos- 
1964” in the Southern Adriatic and Northern Ionian. The 
objects of these studies were: water levels, temperatures 
and chemical content, formation and circulation of the 
water mass, wave and wind regimes of the Adriatic and 
Ionian coastline, water potential and run-off discharge 
regime of the Albanian Mountainous River System into the 
Adriatic Sea, suspended material discharge; alluvial 
granulometric composition, water chemical composition 
etc. 

Analysis and discussions 

Seismological studies, regional gravity and magnetic 
survey data reflect the Earth Crust configuration [Bushati 
S. 1988, 1997, Frasheri A. et al. 1996, 2004]. Geophysical 
data reveal that the Earth crust becomes thicker from the 
central regions of the Adriatic towards Albanides inland. 
The sedimentary crust has about 10 km thickness in 
Adriatic seashore and reaches up to 15 km in northwestern 
regions of Albania. Rocks, with a seismic wave velocity of 
5.9- 6.2-km/sec, present the lower part of the sedimentary 
crust. These rocks have a very consolidated structure. In 
the Albanides are fixed four of third order trends of the 
Bouguer anomalies: two maximums two minimums (Fig. 
1). The main gravity maximum is extended on the 
northeastern part of the Albania. The second maximum, 
which is located in the southwestern part of Albania, has a 
sub-transversal strike with geological structures of the 
Ionian tectonic zone. These regional gravity maximums are 
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attributed to a crust thinning. The second minimum is 
located in the Alps tectonic zone, by a strike in the SE-NW 
direction. Generally, the Bouguer anomaly increases from 
the Adriatic Sea Shelf to the Eastern part of the Albanides. 
The geological-geophysical profile Albanid 1 presents the 
decreasing of the depth of roof of the Moho discontinuity 
in Adriatic Sea region. The Moho discontinuity plunges 
from 25 km in the central part of the Adriatic Sea to 43- 52 
km at eastern part of Albanides. Regional gravity 
anomalies are caused by a block construction of the crust, 
which comes out from the results of seismological studies. 
This tectonic setting of the deep levels of the earth crust in 
the Albanides finds its reflection even in the distribution of 
the magnetic fields (Fig. 2). The interpretation of the 
regional magnetic anomalies shows that the top of the 
crystal basement plunges toward the littoral of the 
Albanides up to their central areas. 

The tectonic setting of the deep levels of the Albanides 
Earth Crust and their dynamics has conditioned the 
geology and tectonic style of Albanides. 

Geological and geophysical regional studies, have 
distinguished the following tectonic zones: 

1. Internal Albanides: Korabi, Mirdita, Gashi tectonic 
zones, 

2. External Albanides Albanian Alps, Krasta-Cukali, 
Kruja, Ionian, Sazani tectonic zones, and Peri Adriatic 
Depression. 

Intensive Bouguer anomalies and very turbulent magnetic 
field, with weak anomalies (Fig. 1), characterize the 
ophiolitic belt of the Mirdita tectonic zone in the Internal 
Albanides. The ophiolitic belt has its biggest thickness 
about 14 km at its northeastern extreme, in the ultrabasic 
massif of Kukes. This thickness is reduced up to 2 km 
towards the west and the southeast. This interpretation is 
demonstrated a allochton character of ophiolite belt and the 
covering character of the western contact of ophiolites with 
the formation of External Albanides. The relations between 
the Internal and the External Albanides have a nappe 
character. The separation of the gravity and the magnetic 
anomalous belts in the central region of the Internal 
Albanides, at Shengjergji flysch corridor, arguments the 
presence of Diber-Elbasan-Vlora transversal fault. 

A joint characteristic of structural belt in the External 
Albanides is their westward thrusting, too. Agording to the 
integrated geological-geophysical studies and deep well 
data results that two tectonic styles are observed in the 
Ionian tectonic zone: duplex and imbricate tectonic. 
Traversal faults have separated the Ionian basin in several 
blocks. Following limestone top of the south Adriatic basin 
and Sazani, Ionian and Kruja zones are observed that the 
limestones of the southern Adriatic basin are extended 
under the last units. Peri -Adriatic Miocene and Pliocene 
molasses deposits cover partly the Sazani, Ionian and the 


Kruja tectonic zones. They are placed trangressively over 
the older section down to the limestone of the Eocene, 
creating a two-stage tectonic stage. The molasses post- 
orogenic deposits have covered transgressively Mirdita and 
partially Krasta-Cukali tectonic zones in Korga and Burreli 
basins. 

The interpretations of the geological geophysical data lead 
to a new structural model and tectonic style of the External 
Albanides. Tectonic zones of the External Albanides have 
been in compression tectonic regime since upper Jurassic- 
Cretaceous. Whereas, western part, of Apulian zone and 
South Adriatic basin, it happens in continuous extension 
tectonic regime [Mego S. and Alias Sh. 2000]. 
Overthrusting style of the southeastern part of the External 
Albanides, with a great southwestward overthrust of the 
anticline chains, and the presence of the old transversal 
faults already are well known. Evaporite deposits have 
been the lubrication substratum during the over thrusting 
movement. A regional neotectonic phenomenon is also the 
back thrusting tectonics in the Ionian and Sazani zones. 
The Albanian sedimentary basin continues even in Adriatic 
shelf with carbonate and terrigene formations. In the 
different profiles it is noticed that there exist some local 
Bouguer and magnetic anomalies in Adriatic shelf [Richeti 
G. 1980]. 

Geothermal Regime 

The Geothermal Regime of the Albanides is conditioned 
by tectonics of the region, lithology of geological section, 
local thermal properties of the rocks and geological setting. 
The geothermal field is characterized by a relatively low 
value of temperature. The temperature is 105.8°C at 6000 
meters depth, in the central part of the Peri-Adriatic 
Depression. The isotherm runs parallel the Albanides 
strike. The described geothermal field, with relatively low 
values of temperature, is a characteristic of the sedimentary 
basins with a great thickness of sediments. The 
temperatures in the ophiolitic belt are higher than in 
sedimentary basin, at the same depth. In the External 
Albanides the geothermal gradient is relatively higher. The 
geothermal gradient displays the highest value of about 
21.3 mK.m' 1 in the Pliocene clay section in the center of 
Peri-Adriatic Depression. Elsewhere in Ionian zone, the 
gradient is mostly 15 mK.m' 1 . The modeling results show 
that deeper than 20 km is observed decreasing of the 
gradient (Fig. 3). This change of the gradient is coincided 
with the top of the crystal basement. In the ophiolitic belt 
of the Mirdita tectonic zone, the geothermal gradient 
values increase up to 36 mK.m' 1 at northeastern and 
southeastern part of the Albania. After the geothermal 
modeling, decreasing of the gradient is observed also 
deeper than 12 000 meters, at the top of the Triassic salt 
deposits. 

The regional pattern of heat flow density in Albanian 
territory is presented in the Heat Flow Map (Fig. 4). There 
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are observed two particularities of the scattering of the 
thermal field in Albanides: 

Firstly, the maximal value of the heat flow is equal to 42 
mW/m 2 in the center of Peri-Adriatic Depression of 
External Albanides. The 30 mW/m 2 value isotherm is open 
towards the Adriatic Sea Shelf. Heat flow density values 
are lower than 25-30 mWm' 2 in Albanian Alps area. 

Secondly, in the ophiolitic belt at eastern part of Albania, 
the heat flow density values are up to 60 mW/m 2 . The 
contours of Heat Flow Density give a clear configuration 
of ophiolitic belt. Radiogene heat generation of the 
ophiolites is very low. In these conditions, increasing of 
the heat flow in the ophiolitic belt is linked with heat flow 
transmitting from the depth. Ophiolitic belt Heat Flow 
Density highest value can be explained by the small 
thickness of the geological section down to the top of 
crystalline basement, and MOHO discontinuity. The 
granites of the crystalline basement, with the radiogenic 
heat generation, represent the heat source. In the ophiolitic 
belt there are some hearths observed of higher heat flow 
density. Heat flow anomalies are conditioned by intensive 
heat transmitting through deep and transversal fractures. 

Large numbers of geothermal energy of low enthalpy 
resources are located in Albania. Thermal waters 
with a temperature that reach values of up to 65.5°C 
are sulphate, sulphide, methane, and iodinate- 
bromide types. The Earth crust in the Albanides is 
interrupted by a system of longitudinal fractures in NW-SE 
direction and transversal fractures that touch the mantel. 
The geothermal energy of the Albanides is linked with 
these deep fractures. 

Adriatic Sea Hydrographic-Geothermal Phenomenon 

Based on two Albanian Oceanographic Expeditions 
data have been argumented that the total discharges 
of the Albanian rivers system in the Adriatic and 
Ionian Seas have a minimal discharge is 700-800 
m 3 /s for the hydrological dry years of low 
precipitation and maximal values 1900-2200 m 3 /s for 
the hydrological wet years of high precipitation 
(Pano N. 1994). The oceanographically situation of 
the wet years has been characterized by formation of 
"The Bridge" of continental water with low salt 
content and density of the seawaters in the Adriatic 
Sea. Under “The Bridge” is located also a heat flow 
density anomaly at the sea bottom (Fig. 4). The 
“Bridge” direction is corresponds also with the 
prolongation of well-known Scutary-Pec regional 
tectonic transversal over the Albanides onshore. This 
“Bridge” has impact also on the seawater 
temperature distribution in this area. “The Bridge” 


includes the surface layer and Levant Intermediate 
Water (LIW) up to 600 m. depth. This phenomenon 
has an important influence on dynamics and 
formation Adriatic Deep Water (ADW). 

Conclusions 

1 . Integrated Geophysical Syrveys have studied Albanides 

Earth Crust and have distinguished two 

palaeogeographical units and tectinic zones. 

2. The Earth crust in the Albanides is interrupted by a 
system of longitudinal fractures in NW-SE direction and 
transversal fractures that touch the mantel. 
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Fig. 3 
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Fig. 2 




Fig. 4. Correlation of “The Bridge” of 
continental water Adriatic, Heat Flow Density 
anomaly and. Scutary-Pec regional tectonic 
tranvesal fault. 


Fig. 3 
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ABSTRACT 

In the paper a detailed analyse of the shallow 
ground heat resources in Albania, in particularly in 
Tirana city, and ways for direct use of this energy 
concretely for heating in Tirana is presented. Direct 
use of the ground heat by Borehole heat 
Exchanger-Geothermal Heat Pump for space 
heating and cooling, was programmed to develop 
in Albania. 

1. Introduction 

Large numbers of geothermal energy of high and 
low enthalpy resources, a lot of mineral water 
sources represent the base for successfully 
application of modern technologies in Albania, to 
achieve economic effectiveness. There are many 
thermal springs and wells. Their water has 
temperatures that reach values of up to 65.5°C. 

The geothermal situation of low enthalpy in 
Albania offers following directions for the 
exploitation of geothermal energy (Frasheri et al. 
2003): 

Firstly, space heating and cooling 

Secondly, integrated and cascade use of geothermal 
waters energy 

The most important direction is space heating and 
cooling. The Earth Heat can be use for space 
heating and cooling by modern systems Borehole 
Heat Exchanger- Geothermal Heat Pumps. 

In the paper is presented a detailed analyse of the 
shallow ground heat resources in Albania, in 
particularly in Tirana city, and ways for direct use 
of this energy concretely for heating in Tirana. 

2. Presentation of the problem 

The energy crisis prevailing in the Albania, the 
increased demand in premises, the gradual 
implementation of European standards of premises’ 
heating, are all decisive factors raising the 
awareness in order to contribute in finding optimal 
solutions to this critical situation. Actually, the 


electric energy consummation for heating is 1 375 
GWh/year, or 23.8 % of the total electric energy 

production in Albania (Fig. 1) (National Agency of 
Energy, Tirana, 2003). The situation becomes more 
problematic because the use of natural gas for 
heating emits large quantities of C0 2 in the 
atmosphere. 

The Earth’s heat is a great source of energy, 
renewable and friendly to the environment. Direct 
use of the ground heat by Borehole heat 
Exchanger- Geothermal Heat Pump represents a 
modern system for space heating and cooling. Two 
shallow geothermal sources exist: Ground heat 



Fig. 1. Electrical power for heating and average 
power without heating in Albania. 
(National Agency of Energy) 

through use of the ground-couplet (closed loop), 
and underground water system (open loop). 

Alike elsewhere in the world, in Albania the 
subsurface ground layers contain heat. This energy 
can be successfully exploited in heating the public 
premises (offices, hospitals, libraries, theatres, 
airports etc.) as well as private premises (houses 
and apartment buildings), using the modern 
systems of Borehole-Heat Exchanger- Geothermal 
Heat Pumps. 

Two kind of technology is possible to applied 
(Lund J. W. 1996, Rybach L. et al. 2000): 
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Firstly, ground- source and Borehole heat 

Exchanger- Geothermal Heat Pump or ground- 
couplet (closed loop) (Fig. 2), 

Secondly: underground water system - Geothermal 
Heat Pump (open loop). 



[Hopkirk el el 1388] 


Fig. 2. Borehole- Vertical Heat Exchanger- 

Geothermal Heat Pump System for space 
heating and cooling scheme. 

Actually, these modern systems in use, highly 
effective and with low consume of electric energy, 
technologically advanced and environmental 
friendly, are gaining huge popularity (Curtis, et al. 
2005, Lund, 1996, Rybach, et al. 2000, Rybach, 
2005, Sanner, 2004). 

In order to make use of this renewable geothermal 
energy and environmental friendly ground heat for 
space heating and cooling in Albania, we have 
introduced the idea of building a demonstrative 
installation for heating and cooling purposes in 
Tirana (Frasheri et al. 2003). The implementation 
of this project contributes in raising the awareness 
of the public administration, of the business and 
scientific communities, to make use of this 
economically optimal solution for heating and 
cooling of premises. The public administration 
should introduce the necessary tools and incentives 
for enabling the entering into the market of such 
modern and environmentally friendly systems. The 
business community should have in consideration 
and invest in installation of these Borehole-Heat 
Exchanger- Geothermal Heat Pumps, making way 
for new businesses. The universities should teach 
about these modern systems and insists on their 
applicability. 

3. Ground Geothermal Energy Resources in 
Tirana City Heat quantity, temperature at Earth 
surface, and geothermal gradient in shallow 
geological section, are conditioned by geographical 
location, geomorphological conditions (Earth 


surface dip and position in relation by Sun), ground 
and bedrocks lithology, specific heat and humidity, 
season and weather. According to the multi annual 
meteorological surveys result that in average is 
140,000 calory, cm' 2 heat from solar radiation of the 
ground during the summer at the plane areas of the 
Albania. Heat quantity reaches 120,000 calory. cm' 2 
at northeaster mountains regions [Gjoka L., 1990]. 

Thermal field distribution and geothermal gradient 
values in the ground at shallow geological section 
are conditioned that at the depth 100m the 
temperatures reaches from 16oC up to 18.8o at 
plane areas in the Ionian tectonic zone and in Peri 
Adriatic Depression (Fig. 3). The areas with a 
temperature between 18 °C and 19 °C are located at 
Kolonje-Divjake-Kryevidh, Vlore and Sarande- 
Delvine zones. There are some particularities in the 
distribution of the temperature at the depth 100m: 

Temperature in subsurface ground at littoral area: 
Minimal temperature is 16.60 °C 
Maximal temperature is 18.80 °C 
Average temperature is 17.80 °C 

Temperature in subsurface ground at western 
plane- hilly area: 

Minimal temperature is 17.15 °C 
Maximal Temperature is 18.41 °C 
Average Temperature is 18.0 °C 

Temperature in subsurface ground at hilly- 
mountains regions: 

Minimal temperature is 6.70 °C 
Maximal temperature is 18.60 °C 
Average temperature is 14.75 °C 

In plane area of Albania, example in the Tirana 
field (Rinasi), the temperature is 15.5 °C, up to 
logging depth 31 m, in the Quaternary deposits 
(Fig. 4) (Frasheri et al. 2003). According to the 
well-known data, the layers at the depth from 0-8- 
10 m have a temperature, which is conditioned by 
solar radiation energy. During the winter, the 
temperature is lower than during the summer. 
Below, the ground temperature is constant during 
the year, because don’t have the influence from 
solar radiation. Depth limit of the solar radiation 
influence zone is not unique. Lateral changes up to 
0.5 °C are observed in the 500m distances, for the 
same time. These lateral changes are conditioned 
by lithology of the Quaternary loose deposits. The 
belt of the constant temperature continues up to the 
depth 50 m in the mountain regions of the Albania. 

Water temperature of the Quaternary sandstone 
layers is 15-16°C 
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According to the analyze of the geothermal regime 
of the shallow geological section is concluded that 
is possible to use the ground heat for the space 
heating and cooling, applied modern Borehole Heat 
Exchanger - Geothermal Heat Pump. 

Ground geothermal energy has heated the 
underground water reservoir. In Tirana 

underground water basin are following 

temperatures: Water temperature of the Quaternary 
gravel layer is 14-15 °C, 

Consequently, concluded that water of the Tirana 
underground basin can be a heat source for the 
geothermal pumps (Fig. 5). 



Fig. 4. Thermolog of the Rinasi borehole 

4. Economic evaluation of the proposed scheme 
Heating of the Hotel in Tirana: 

Total heated surface, for three-floors: 610 m 2 
Heating system: Borehole-Heat Pump-Radiators 
Heating capacity 68.5 KW 

Heating period 1836 hours 

Heating system , there are analyzed three 
variants: 

a) Borehole-Geothermal Heat Pump 

b) Oil Fired Boiler 

c) Air- Air Conditioners 


Heating and cooling equipment (radiators, pipes 
etc) and its installation in the room 16.7 USD/m 3 , 
for 1 830 m 3 for all building 25.860 USD 

Providing water to the geothermal heating pump 
and re-injection of water in the collector after the 
use (Shallow boreholes, circulating pump, 
pipeline), according to the price index in Tirana: 

7.500 USD. 
Total 55.000 USD 
90,16 USD/m 2 

Preliminary installed cost for three systems: 

a) Borehole-Geothermal heat pump 55.000 USD 

b) Borehole- Vert. Heat Exchanger- heat pump 

87.630 USD 

c) Oil Fired Boiler 26.880 USD 

d) Air-air conditioners, type “General’T9.970 USD 

Preliminary installed cost for square meters of 
heated surface: 

a) Borehole-Geothermal Heat Pump 90,16 USD/m 2 

b) Borehole- Vertical Heat Exchanger- Heat Pump 

144,17 USD/m 2 

c) Oil Fired Boiler 57,04 USD/m 2 

d) Air- Air Conditioners, type “General” 

33,28 USD/m 2 

Preliminary electric energy or fuel yearly 
consumption ( operating ) cost: 

a) Borehole-Geothermal Heat Pump 

33.304 KW/y 4.332 USD/y 

b) Oil Fired Boiler 12.282 Fit. oil/y 15.337 USD/y 

c) Air-air conditioners 93.636 KW/y 12.179 USD/y 

Preliminary total yearly heating energy cost 
(installed and operating cost): 


- USD/kW First year Second year 

a) Borehole-Geothermal Heat Pump 

866,74 63,23 

b) Borehole- Vert. Heat Excanger-Heat Pump 

1.342.50 63,23 

c) Oil Fired Boiler 728,42 177,80 

d) Air- air conditioners 469,49 261,48 

- USD/m 2 

a) Borehole-Geothermal Heat Pump 

97,33 7,10 

b) Borehole- Vert. Heat Exchanger-Heat Pump 

150,76 7,10 

c) Oil Fired Boiler 81,79 19,64 

d) Air- Air Conditioners 52,72 15,60 

e) Electrical Radiators 29,36 29,36 


Installed cost for Borehole- Geothermal Heat Pump 
System: 

Geothermal Heat Pump, with a heating 

capacity 68.5 kW, 19.840 USD/unit 
Installation of the Geothermal Heat Pump System 

1.800 USD 


Electric energy or fuel yearly consumption 
(operating) cost total yearly heating energy cost 
(installed and operating cost) during 10 years of the 
different heating system using in the fig. 6 and 7 
are presented. 



Hurta c tcmpcraluifti ni ihcltornC 100m 


Fig. 3 


400 


BOREHOLE CONSTRUCTION 



DEPTH’S ELECTROPUMP 
TYPE SP5A-8: 

Yield 1-6.8 m 3 /h, H=40 m 
Motor 0.75 kW, diameter 95 mm 
Longer 599 mm 


Borehole diam. 150 mm 
Borehole depth 30 m 


Project: USE OF ENVIRONMENTAL 
FRIENDLY GEOTHERMAL ENERGY 
GJEOTERMALE MIQESORE 

Designed by: Dr. S. Frasheri, 
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Fig. 6 


Yearly cummulative cost for space heating 
(Heating period 1836 h) 
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Fig. 7 
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Installed cost for geothermal system unit result 83- 
133 USD/m 2 , and 744-1180 USD/kW, depended 
from the heat source. Borehole- Vertical Heat 
Exchanger-Geothermal Heat Pump System has the 
higher cost. 

Lower costs have Borehole- Geothermal Heat 
Pumps systems, with shallow underground water 
heat source. 

After the data presented in the fig. 5 and 6, results 
that installed cost for the geothermal systems is 
2. 0-2. 8 much higher than for the boiler or air- air 
conditioner systems. 

Payback period for the intalled cost for the 

“Borehole- Geothermal Heat Pump” System will be 
2 years, covered only by expenses savings for 
boiler fuel, and 4 years, covered only by expenses 
savings for air- air conditioners. 

Payback period for the intalled cost for the 

“Borehole- Vertical Heat Exchanger- Geothermal 
Heat Pump” System will be 4 years, covered only 
by expenses savings for boiler fuel, and 8 years, 
covered only by expenses savings for air- air 
conditioners. 

In fig 8 is presented the graphic of the cost of 
space heating for different heating systems (in 
USD/kW). According to this graphic results that 
geothermal heating and cooling system is more 
economic system. 


(/> 
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Fig. 8. Cost of space heating for different 
heating systems (in USD/m 2 ). 

1- Geothermal System; 2- Oil Fired Boiler 
System; 3- Air- Air Conditioner System; 

4- Electric Radiator System. 

4. Cali for investment 

The heating problem and its economic solution is 
an important task, taking into consideration the 
current severe energetic crises. One of the ways out 
is the use of geothermal energy. In Albania there 
are many high-rise building, which are still 
projected to include oil or gas fired boiler systems, 
as well as with air conditioning units. Air 
conditioning units heat all public institutions. The 


hospitals, dorms, hotels are heated by oil and gas 
fired boilers. It is the ripe time to move out of such 
practices, which do not provide for long term 
sustainable solutions to the heating and cooling 
problems in Albania. It is the right time to 
introduce systems using renewable energy sources 
such as the geothermal energy. 

In order to introduce the system of geothermal 
energy, a renewable and environmental friendly 
energy source, we propose to build a demonstrative 
installation, heating and cooling any given building 
in Tirana. 

Implementing this project will provide for an 
optimal and economically efficient solution, which 
will be of benefit to the public administration, 
business community, as well as to the technical and 
scientific community. It will pave the way for a 
more economically efficient solution to heat and 
cool buildings. Optimally the government will 
promote and stimulate the introduction of such 
systems in Albania. In addition there are economic 
incentives for the business community to invest in 
this new venture, which we believe is the most 
sound solution for our country. 

4.1. Project goal and objectives 

4.1.1. Project goal: 

a) Design and construction of the demonstrative 
space heating system, with underground waters or 
shallow ground heating sources. 

b) Albanian investors and communities sensitizing 
for high economic effectiveness of integrated and 
cascade use of environmental friendly geothermal 
energy in Albania. 

4.1.2. Objectives: 

1. Design and construction of the demonstrative 
space heating system, in one of a new constructed 
or existing building, with oil fired boiler heating 
system.. 

2. Construction of the demonstrative space heating 
system. 

3. Knowledge dissemination: Workshops, 

seminars, TV emissions, lectures in the 
Universities: “Space heating and cooling direct 
using of the environmental friendly geothermal 
energy, in the framework of the renewable energies 
use, to improve the country energy balance and an 
important profitable investment present” 

4.1.3. Necessary Investment 

It is necessary to match the installation of the 
demonstrative geothermal system to the size of the 
building. It is also necessary to have a building, 
which is heated by a boiler. Initially it would be 
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most suitable to build an installation, which will 
use underground water as the heat source. This will 
provide for a lower cost. 

Based on feasibility study, the installed cost of 
geothermal heating system, with underground 
waters heat source will be 83-133 USD/m 2 . 

Direct use of the Geothermal Energy in Albania 
must start as soon as possible, first of all for the 
solving of the space heating and cooling. Will be 
high economic effectiveness investment: 
Economical considerations (Curtis, et al. 2005, 
Lund, 1996, Rybach, et al. 2000, Rybach, 2005, 
Sanner, 2004). Actually, the cost of installing the 
Borehole-Heat Exchanger- Geothermal Heat Pump 
is higher than the conventional fuel installations. 
Nonetheless, the annual cost of “fuel” of the 
Borehole-Heat Exchanger- Geothermal Heat Pump 
(Electric energy for the heat pump and circulating 
pump) are considerably lower than the fuel of the 
conventional heating by gas. For the coefficient of 
performance 3, is saved up to 66% of the 
electrical energy. Consequently, the payback of the 
Borehole-Heat Exchanger- Geothermal Heat Pump 
system is shorter than the durability of using the 
other heating system. 

Environmental considerations. Borehole-Heat 
Exchanger- Geothermal Heat Pump is an 
environmental system that does not emits C02 
(“greenhouse effect”), therefore the proprietor 
avoid paying the tax on emittance of C0 2 gas, 
which is under discussion in the countries of the 
European Community. 

Governmental support. Japan using the 
geothermal energy of subsurface ground layers 
saves up to 40% of the total energy (Japan Times, 
Jan. 21, 2003). The expenses necessary to carry out 
this project will be paid within 10 years. Two thirds 
of the building costs, valued up to 10 million yen 
for the government and local authorities support 
each installation. The Japanese government has 
invested 200 USD for every kW of the Heat 
Geothermal Pump, with an upper limit of 5 200 
USD. 
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Abstract: Large numbers of geothermal energy of low enthalpy resources are located in different areas of Albania. Thermal waters are 
sulfate, sulfide, methane, and iodinate-bromide types. Thermal sources are located in three geothermal zones: 

• Kruja geothermal zone represents a zone with bigness geothermal Identified resources in carbonate reservoirs, 5.9x1 0 8 - 
5.1x1 0 9 GJ, 

• Ardenica geothermal zone is located in the coastal area of Albania, in sandstone reservoirs. 

• Peshkopia gjeotermal zone at northeastern area of Albania. Several springs are located in disjunctive tectonics of the 
gypsum diapir. 

The geothermal situation in Albania offers three directions for the exploitation of geothermal energy: 

• Use of the heat flow of shallow geological section for heating and cooling of the buildings. Integrated exploitation of the 
geothermal energy must realize by integrated scheme of geothermal energy, heat pumps and solar energy to fulfill. 

• Thermal sources of low enthalpy are natural sources or wells in territory of Albania. They represent the basis for a 
successful use of modern technologies for a complex and cascade exploitation of this energy, achieving an economical 
effectiveness: 

1. SPA clinics for treatment of different diseases and hotels for ecotourism. 

2. The hot water for heating and sanitary waters of the SPA and hotels, greenhouses and aquaculture installations. 

3. Extract of the chemical microelements from thermal waters. 

• Use of deep abandoned oil and gas wells as “Vertical Earth Heat Probe ”. 

Actually in Albania the study of the possibilities of exploitation of the geothermal energy has begun. 

Keywords: Geothermal Energy, Thermal Water, Geothermal Gradient, Heat Flow, Direct Use of Geothermal Energy 

1. INTRODUCTION 

In Albania, rich in geothermal resources of low enthalpy and mineral waters, new technologies of direct use of geothermal energy are 
still untouched. Actuality, there are many geothermal, hydrogeological, hydrochemical, biological and medical investigations and 
studies of thermal and mineral water resources carried out in Albania. The results of the geothermal studies carried out in Albania are 
presented in “Atlas of Geothermal Resources in Albania” [5]. The hydrogeology and geothermy of the natural springs with thermal 
waters and the geological structures with high water temperature have also been investigated. Generally, these investigations and 
studies are separated each from the other. Their information has been served for evaluations of the geothermal resources in Albania, 
in regional scale. According to results of these new studies, the evaluation for the perspective level of the best areas in country has 
been selected. After these evaluations is possible to start programmed the investments in these areas. Integrated exploitation and 
cascade direct use of the geothermal energy will realize by integrated scheme [2, 4, 6]. This scheme has an environmental benefit by 
using renewable energies (geothermal energy, solar energy), new technologies (heat pumps) and energy savings (cascade scheme). 
Cascade scheme should be used to fulfill the thermal energy demand for the selected area in order to get the maximum benefit from 
geothermal energy and the minimum energy supply from heat pumps: the promotion of energy savings will be in place. 

Exploitation of geothermal energy will have a direct impact in the development of the regions, by increasing their per capita 
income and at the same time ameliorating the standard of living of the people. These investments will be profitable in a short period 
of time. 


2. GEOTHERMAL ENERGY RESOURCES IN ALBANIA 


2.1. Methodic 

The results of the geothermal studies carried out in Albania are presented in maps and geothermal sections. Temperature maps 
have been drawning for different levels of up to 3000m depth [3, 5]. Geothermal gradient, heat flow density and geothermal 
resources maps have also been drawn. The natural springs with thermal waters and the geological structures with high water 
temperature have also been mapped [1, 3, 5]. The study of the possibility of exploitation of abandoned deep oil wells as “Vertical 
Earth Heat Probes” has already begun. 

2.2 Geothermal Features 

The Albanides form an integral part of the southern branch of the Mediterranean Alpine orogen. They are subdivided in two zones: 
the Internal and the External Albanides. The geology of Albanides creates the premises for the research and exploitation of natural 
geothermal energetic resources [3,5]. 

The greatest heat flow density with a value of 42 mW-rn' 2 is found in the center of the Preadriatic Depression (Fig. 1). In the east 
of the ophiolitic belt heat flow density reaches values of up to 60 mW-m' 2 . 

The temperature at a depth of 100m ranges 6.7 to 18.8°C, in average 16.4°C (Fig. 2) and at a depth of 500m from 21 to 27.7°C.The 
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temperature ranges up to 105.8°C at a depth of 6000m. In the central part of the Preadriatic Depression, there are many deep oil 
wells where the temperature reaches up to 68°C at a depth of 3000m. 

The geothermal gradient has the highest value about 18.7 mK-m' 1 in the center of the Peri Adriatic Depression. Elsewhere the 
gradient is mostly 15 mK-m' 1 . In the south of the country the geothermal gradient has low values 11.5-13 mK-m' 1 . Towards the 
northeastern and southeastern regions of Albania, over the ophiolitic belt, the geothermal gradient increases, reaching the value of 
23.5 mK-m' 1 . 

2.3. Geothermal Areas and Reservoirs 

In Albania there are many thermal springs and wells of low enthalpy (Fig. 3, Tab. 1) [1, 3, 5, 8]. 


Table 1 Thermal water sources and wells in Albania 


Type of the source 

Location 

Temperature, 

(°C) 

Salt, 

(mg/1) 

Yield, 

1/sec 

Natural Spring 

Llixha Elbasan, Peshkopi, 
Krane (Sarande), 

Langaric (Permet), 

Shupal (Tirane), 
Sarandoporo (Leskovik), 
Postenan (Leskovik) 
Tervoll (Gramsh), 
Mamurras (Tirane). 

21-60 

0.3-26 

10-40 

|Deep wells 

Peri Adriatic Depression and in the Kruja tectonic zone 

29.3-65.5 

1-19.3 

0.9-18 | 


Thermal water springs and wells are mainly located near of the regional tectonic fracture zones. Generally the water circulates 
through carbonatic rocks and sandstones of the anticlines and evaporitic beds at the depth of 8 00-3 000m. The water of these springs 
contains salt, absorbed gas and organic matter. They are sulfide: methane, iodine -bromium and sulfate types. Thermal sources are 
located in three geothermal zones (Fig. 3): 

• Kruja geothermal zone represents a zone with bigness geothermal resources. Kruja zone has a length of 180 km. Identified 
resources in carbonate reservoirs are 5.9x1 0 8 -5. lxl 0 9 GJ, 

• Ardenica geothermal zone is located in the coastal area of Albania, in sandstone reservoirs. 

• Peshkopia gjeotermal zone is located at northeastern area of Albania. Several springs are located with disjunctive tectonics 
of the gypsum diapir. 

3. DIRECTIONS FOR THE EXPLOITATION OF GEOTHERMAL ENERGY OF LOW ENTHALPY IN 

ALBANIA 

The geothermal situation of low enthalpy in Albania offers following directions for the direct use of geothermal energy, 
which is unused until now. This exploitation must be realized by integrated scheme of geothermal energy, heat pumps and solar 
energy, and cascade use of this energy [2, 4, 6]. 

Firstly, space heating and cooling using ground heat by the Borehole Heat Exchanger (BHE), in the shallow (about 100 m 
depth) boreholes. 

Secondly, thermal sources of low enthalpy and of maximal temperature up to 80°C. These are natural sources or wells in a 
wide territory of Albania, from the South near Albanian-Greek boundary to Northeast districts in Diber Region. 

Thermal waters of springs and wells in Albania may be used in several ways: 

1. Modem SPA clinics for treatment of different diseases and hotels, with thermal pools, for development of eco-tourism. Such 
centers may attract a lot of clients not only from Albania, because not only the good curative properties of these waters but also 
springs are situated in nice places near sea side, mountains or Ohrid Lake. An the present some SPA, with a primitive technology, 
worked in some geothermal springs and wells in Albania. 

2. The hot water can be used also for heating of hotels, clinics and tourist centers, as well as for the preparation of sanitary hot water 
used there. Near these medical and tourist centers it is possible to built the greenhouses for flowers and vegetables, and aquaculture 
installations. 

3. From thermal mineral waters it is possible to extract very useful chemical microelements as iodine, bromine, chlorine etc. and 
other natural salts, so necessary for preparation of creams for the treatment of many skin diseases as well as for beauty care products. 
From these waters it is possible to extract sulphidric and carbonic gas. It is possible to built installations for processing of mineral 
waters. 

Consequently, the sources of low enthalpy geothermal energy in Albania, which are at the same time the sources of multi-element 
mineral waters, they represent the basis for a successful use of modem technologies for a complex and cascade exploitation of this 
energy, achieving a economical effectiveness. Such developments are useful also for the creation of new working places and 
improvement of the level of life for local communities near thermal sources. 

Thirdly, the use of deep doublet abandoned oil and gas wells and single wells for geothermal energy, in the form of a 
“Vertical Earth Heat Probe”. The geothermal gradient of the Albanian Sedimentary Basin has average values of about 18.7 mK-m' 1 . 
At 2 000 m depth the temperature reaches a value of about 48°C. In these single abandoned wells a closed circuit water system can 
be installed. Near of these wells can be build greenhouses. 
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Actually in Albania the study of the possibilities of exploitation of the geothermal energy has begun. Based on the above 
analysis, for the best area selected, a Feasibility Study will be performed to analyze three components: energy supply, environmental 
impact and financial aspects, and to suggest the best solution of the innovative geothermal energy utilization technology applications 
in that area. 


4. ALBANIAN GEOTHERMAL ENERGY MARKET 

Successfully of the direct use of the environmental friendly geothermal energy has necessity for a market analyze. 
Objectives of market study are as following: 

• Evaluation of present status of geothermal development in Europe, particularly in Balkan countries, regarding promotion activities, 
results, application, barriers for market penetration, legal and financial framework, etc. 

• Comparison of present status between the different Albanian regions. 

• Identification of the attitude and feelings (awareness, knowledge, preference, etc.) for the target groups towards geothermal energy. 

• Identification of the attitude and feelings of the target groups towards environmental aspects of geothermal energy. 

• Evaluation of the outcome of promotion methods adopted by EU and national institutions. 

• Formulation of proposals for effective promotion strategies for geothermal energy in Albania. 

4.1. Space heating and cooling 

The energy crisis prevailing in the Albania, the increased demand in energy for heating and cooling of premises. Actually, the 
electric energy consummation for heating is 1 375 GWh/year, or 23.8 % of the total electric energy production in Albania [8]. The 
situation becomes more problematic because the use of natural gas for heating emits large quantities of C0 2 in the atmosphere. 

Direct use of the ground heat by Borehole heat Exchanger-Geothermal Heat Pump represents a modem system for space heating 
and cooling (Lund J. 2005, Rybach L. and Sanner B. 2005, Sanner B. 2004). Two types of shallow heat sources exist: ground heat 
and underground waters heat. Consequently two kind of technology is possible to applied: 

Firstly, ground-source and Borehole heat Exchanger-Geothermal Heat Pump or ground-couplet (closed loop), 

Secondly: underground water system - Geothermal Heat Pump (open loop). 

In order to make use of this renewable geothermal energy and environmental friendly ground heat for space heating and 
cooling in Albania, we have introduced the idea of building a demonstrative installation for heating and cooling purposes in Tirana 
[4]. It will contribute in solving the problematic issue of heating and cooling of premises in Albania. 

Heat quantity, temperature at Earth surface, and geothermal gradient in shallow geological section, are conditioned by 
geographical location, geomorphological conditions, ground and bedrocks lithology, specific heat and humidity, season and weather. 
According to the multi annual meteorological surveys result that in average is 140,000 calory. cm' 2 heat from solar radiation of the 
ground during the summer at the plane areas of the Albania. Heat quantity reaches 120,000 calory. cm' 2 at noertheaster mountains 
regions [7]. 

The distribution of the temperature at the depth 100m is presented in Fig. 2. Temperature in subsurface ground at littoral area 
varies from 16.60°C to 18.80 °C, averagely 17.80 °C. In the western plane-hilly area the temperatures have a minimal values 17.15 
°C to 18.41 °C, and average. In hilly-mountains regions the temperature is 6.70 °C up to 18.60 °C, with average temperature is 
14.75 °C. In the Tirana field, the temperature is 15.5 °C, up to logging depth 31 m, in the Quaternary deposits (Fig. 4) [5]. Ground 
geothermal energy has heated the underground water reservoir. Tirana underground water basin have a temperatures 14-15 °C for the 
Quaternary gravel layer water and 15-16°C for Quaternary sandstone layers waters. Consequently, concluded that water of the 
underground basin present a heat source for the geothermal pumps. 

4.2. Consumers for geothermal energy & thermal water (SPA heating, tourism, drinking water, aquaculture, agriculture) 

At the present, some SPA, with a primitive technology, worked in geothermal springs and wells in Albania: Lixha Elbasani, Bilaj 
Balneological Center (Ishmi 1/b well), Peshkopia (Diber district) SPA, Sarandaporo (Leskovik Disrict) SPA, Langarica-Ura Kadiut 
(Permeti District). 

The oldest and important is Elbasani Llixha SPA, which located about 10 km south of Elbasani city and 61 km in southeast of 
Tirana The proximity with highways creates great possibilities for Elbasani Lixha SPA to be a nice place. This area may be 
frequented by a large number of people from different Balkan and European countries. These thermal springs from about 2000 are 
known years ago. According to historic data, in Elbasani Llixha thermal springs there has been an inn, near of the old road “Via 
Egnatia" that has passed from Durresi to Constantinople. There are seven spring groups that extend like a belt with 320° azimuth. 
Surface water temperature is about 60°C and yield in total 15 1/sec. Springs have constant hot water yield and temperature for a long 
period of time. These data are evidence of a stable thermo-hydrodinamic reservoir regime. 

Actually, is not a thermal waters law in Albania, last years has been prepared the draft of the law. 

All seven groups of the springs in Llixha Elbasani and Kozani-8 well geothermal area will have the possibilities for modem 
complex exploitation. The beautiful landscape of Elbasani Lixha area will be not only for medical treatment but also as tourist place. 
This area located near of the very know Ohrid Lake pearl or mountains Gjinari, with their fantastic forests and nice climate. Ishmi 1/b 
geothermal well is located in beautiful Tirana field, near of “Mother Theresa” Rinasi (Tirana) Airport, near of the Adriatic coastline 
and Kruja - Skendergeg Mountain. There are all the possibilities for the echo-tourism development: thermal water, Ishmi beach at the 
Adreatic Sea , and mountain’s area. 

Benja and Sarandaporo thermal water areas and Postenani steam springs are located near of the beautiful Vjosa River valley. 
Peshkopia geothermal springs area is located near of the Korrabi Mountain, higher mountain in Albania (2753m). The beautiful 
landscape of Vjosa valley, near Albanian-Greek border, and Peshkopia area near of the Debar region in Macedonia, will be not a 
thermal water bearing place for medical treatment but also as tourist place. 
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4.3. Geological risk, financial possibilities to cover geological risk 

No geological and financial risk for the exploitation of thermal water of geothermal springs and wells in Albania. 

4.4. Traffic connections: roads, railways, navigation, and possibilities for transport of heavy goods. 

The Ishmi-l/b well is located in Ishmi area and represents the northernmost geothermal well of the Kruja geothermal area. It is 
located in 20 kilometers NW of Tirana (near of “Mother Theresa” Tirana Airport). By national road communication, Ishmi 1/b well is 
connected with Tirana, Tirana Airport, Durresi and Shkodra cities. 

Kozani-8 well is located 35 kilometers southeast of Tirana, on hill’s area. Well connected by 1.7 km road with Tirana-Elbasani 
national road, and highway “Corridor 8” Durresi-Elbasan-Skopje. One km from Kozani 8 well located Saint George Vladimir 
Monastery. 

Elbasani Llixha SPA is located about 12 km south of Elbasani city and 61 km in south-east of Tirana, in the Central part of Albania. 
By national road communication, Llixha area is connected with Elbasani and Tirana. Only 1 0 km will be from the highway Durresi- 
Skopje- Sofia- Istanbul, which is projected for construction in the future and nominated as No. 8 European Corridor. 

Peshkopia geothermal springs are connected with Tirana by national road (182 km). 

Benja-Langarica, Postenani and Sarandaporo geothermal springs areas are located near of the national road Tirana-Permeti (about 
217 km)-Konitza (Greece). 

5. THE AIMS AND OBJECTIVES OF THE PLATFORM FOR DIRECT USE OF THERMAL WATERS OF 

LOW ENTHALPY 


5.1. The aims of the platform 

To examine, demonstrate and disseminate the positive technical and financial aspects of transfer and utilization of innovative 
geothermal energy technologies in Albania, which will have a direct impact in the development of the regions by increasing their per 
capita income and at the same time ameliorating the standard of living of the people. 

5.2. Objectives: 

Integrated exploitation and cascade direct use of the geothermal energy has proposed. The objectives of the platform: 

• Country Geothermal Energy and mineral water resources evaluation. 

• In-situ detailed investigation of the pre-selected zones with high energy potential and consumers geothermal source, where 
will installed demonstrative unit. 

Among others this task will be concerned with intentions of users-thermal load inspections, initial energy balance analyses, 
thermal characteristics of individual users, technical geothermal data collection, and examination of existing technology. It is 
necessary to select the thermal applications, which correspond to the local needs. The following will be defined: 

a) In situ consideration of geothermal physical-chemical parameters and potential. 

b) Thermal load demands for space heating for each end-user of geothermal sources: dwellings, geothermal SPA, greenhouses, 
geothermal pools and bathing, aquaculture, mineral waters production, and extraction of the micro-elements and natural salts 

c) Energy balance between different end-users, 

d) Technologies to be applied 

e) Preliminary design of the geothermal energy exploitation system 
i) Definition of thermal demands 

k) Energy conservation, and 

l) Economic evaluation of thermal energy (space heating and hot water production installation cost, life cycle, energy product cost, 
pay back period). This evaluation must based on actual market prices for equipment, construction etc. 

Based on the above analysis, for the best area selected, a feasibility study must performed to analyze three components: energy 
supply, environmental impact and financial aspects, and to suggest the best solution of the innovative technology of direct use of 
geothermal energy applications in that area. 

Environmental protection and preserving level must improve, to well assist the echo-system protection of thermal and mineral 
water source areas. Among other subjects this phase will focus mainly on examination of the nature of the geothermal fluid, 
environmental impact of the geothermal fluids during their utilization and disposition, and selection of the most acceptable 
environmentally methods for the disposal of the geothermal fluids. 

The concrete detailed design for the implementation phase of the Platform necessary to be prepared. 

• Task 1. Demonstrative units (pilot plants) will be constructed, monitored and finally demonstrated: SPA, with 30-40 beds, 
for the medical treatment, heating installation in the buildings, greenhouse for the flower and for the legumes, thermal pool for 
tourists, installation of equipment for extraction microelements and natural salts. 

• These demonstrative units will assist in the promotion of the new innovative technology application. The proposed 
schemes represent an integrated scheme and cascade scheme for exploitation of geothermal energy geothermal energy, heat pumps 
and solar energy to fulfill. This scheme has an environmental benefit by using renewable energies. Cascade scheme should be used to 
fulfill the thermal energy demand for the selected area in order to get the maximum benefit from geothermal energy and the 
minimum energy supply from heat pumps: the promotion of energy savings will be in place. 

• Task 2: A promotion and tourist agency will be organized. This agency will prepare the reclaims and booking of the rooms 
for Albanian and foreign patients. 
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6. GATHERING INFORMATION MATERIAL AND KNOWLEDGE DISSEMINATION IT IS VERY 
IMPORTANT ELEMENT OF UTILIZATION OF GEOTHERMAL ENERGY 

Information material concerning the general principles of geothermal application and new technologies will be prepared and 
gathered: booklet and posters will be published. For further dissemination of the results of this projects will organize days of open 
conferences, workshops, seminars, TV and radio-emissions, pamphlets, posters, and summer school. 

Establishment of communication channels with local users: Local authorities, Market and Technical Chambers, and investors, is 
programmed. 

7. SIGNIFICANCE OF THE PROPOSED PLATFORM AND ITS EXPECTED ACHIEVEMENTS 

The proposed platform has great importance for Albania. It creates the scientific knowledge base for evaluation of natural wealth 
of geothermal energy and mineral waters in Albania. These data will be used to evaluate and select the rich areas in country. In these 
areas it is possible to start the investment for direct use of geothermal energy. Very important is transfer of new methods for R&D 
and evaluation of geothermal water resources, modem technologies and unit equipment for thermal waters exploitation in Albania. 
Technical and organizing base for modern hotel SPA constmction will be created. The tourism will be developed. New modem 
studying technologies must disseminate in scientific and business community of country. Environmental protection and preserving 
level will be improved, to assist the echo-system protection of thermal and mineral water source areas. 

8. CONCLUSIONS 

1 .Albania has the resources of geothermal energy of low enthalpy, which is possible for integrated and cascade direct use as an 
alternative energy. 

2. Resources of the geothermal energy in Albania are; 

a) Natural springs and deep wells with thermal water, of a temperature up to 65.5°C. 

b) Heat of subsurface ground, with an average temperature of 16.4°C and depth Earth Heat Flow. 

3. Constmction of the space-heating system, using shallow borehole heat exchanger (BHE)-Heat Pumps systems present the most 
important direction of the use of geothermal energy in Albania. 
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Fig. 1 Heat Flow Density Map of Albania 
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Fig. 3 Geothermal Zones in Albania 
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Fig. 4 Thermolog of the Rinasi borehole 
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Shoqata "Mbrojtja dhe Ruajtja e Ujerave te Embla dhe Bregdetare 

te Shqiperise" 


ENERGJIA GJEOTERMALE SI BAZE PER TEKNOLOGJINE MODERNE 
TE NGROHJES DHE FRESKIMIT TE MJEDISEVE 

Workshop, Tirane 2006 


SISTEMET MODERNE TE NGROHJES DHE FRESKIMIT TE GODINAVE 

ME ENERGJINE GJEOTERMALE. 

Prof. Dr. Alfred Frasheri 


1. Nxehtesia e tokes eshte energji alternative, miqesore me mjedisin, 
qe duhet shfrytezuar edhe ne Shqiperi 

Shfrytezimi i energjive te rinovueshme eshte prirja e sotme ne 
vendet e perparuara te botes, per disa aresye: se pari per te plotesuar 
kerkesat energjetike qe nuk plotesohen nga resurset energjetike te 
lendeve djegese dhe se dyti, jane energji miqesore per mjedisin. Gjate 
shfrytezimit te energjive te rinovueshme nuk glirohen gazra qe krijojne 
efektin sere dhe nuk kane impakte negativete medha mbi mjedisin, madje 
shpesh here ndikojne per permiresimin e ekosistemeve. 

Prandaj eshte e kuptueshme qe zhvillimet energjetike bashkohore 
karakterizohen sot, ne shtetet e perparuara te Komunitetit Evropian, ne 
SHBA, ne Japoni etj., nga shfrytezimi gjithenje e me shume e energjive te 
rinovueshme si e ujit, e Diellit, e eres, gjeotermale dhe e biomases. Toka 
eshte nje planet i nxehte. Llava e vullkaneve dhe ujerat e nxehta te shume 
burimeve jane deshmimtaret me te mire te nxehtesise se Tokes ne 
thellesi. Shfrytezimi i drejtperdrejte i energjise gjeotermale ze nje vend te 
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rendesishem ne bilancin energjetik pas energjise hidrike. Energjia 
gjeotermale eshte energji alternative, miqesore me mjedisin, me efekte 
shrytezimi integral dhe kaskade. Ajo shfrytezohet edhe drejtperse drejti ne 
shume fusha te veprimtarise jetesore dhe ekonomike. Ne nivel boteror, ne 
vitin 2005 kapaciteti i instaluar dhe energjia gjeotermale e shfrytezuar 
drejtperdrejte, ka patur kete strukture (Lund J., World Geothermal 
Congress 2005): 


Perdorimi 

Kapaciteti i 
instaluar 
ne MWt 

Energjia e 
perdorur 
ne TJ / vit 

Pompa gjeotermale nxehtesie 
per ngrohje dhe freskim te 
godinave 

15,723 

86,673 

Banja termale 

4,911 

75,289 

Ngrohje godinave 

4,158 

52,868 

Sera 

1,348 

19,607 

Akuakulture 

616 

l-,969 

Perdorime industriale 

489 

11,068 

Gatim 

338 

1,885 

Tharje produktesh bujqesore 

157 

2,013 

Te tjera 

86 

1,045 

TOTAL 

27,825 

261,418 


Potenciali real i energjise gjeotermale mund dhe duhet te 
shfrytezohet per qellime ekonomike edhe ne Shqiperi. 

Albanidet, qe perfaqesojne strukturat gjeologjike ne territorin 
shqiptar, kane fluks gjeotermal te afte per tu vene ne shfrytezim. Ne 
Shqiperi ka edhe shume burime dhe puse te ujrave termale, te energjise 
gjeotermike te entalpise se ulet. Ne Shqiperi ka edhe shume burime dhe 
puse, te cilet japin ujera me temperature deri 65.5 °C dhe me debite deri 
15 1/sek. Keto jane burim i energjise se rinovueshme, qe duhet te filloje te 
shfrytezohet ne Shqiperi. 

Per te filluar shfrytezimin e kesaj energjie ne Shqiperi, duhet: 

Se pari te sensibilizohet opinioni publik, administrata publike dhe 
investitoret shqiptare per efektivitetin e saj . 
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Se dyti, aktualisht ne Shqiperi ekzistojne studime gjeotermike, 
hidrogjeologjike, hidrokimike dhe biologjike te ujerave termale, si edhe 
studime mjekesore. Fakulteti i Gjeologjise dhe i Minierave, Universiteti 
Politeknik i Tiranes, botoi ne muajin tetor 2004 “ATLASI I BURIMEVE TE 
ENERGJISE GJEOTERMALE NE SHQIPERI”, ne kuadrin e Programit 
Kombetar per Kerkim e Zhvillim “Pasurite Natyrore”, 2003-2005. 

Ne Atlas argumentohet se strukturat gjeologjike te Shqiperise jane 
bartese te rezervave te medha te energjise gjeotermale te entalpise se ulet 
(Fig. 1, 2). Mbeshtetur ne kapacitetet e energjise gjeotermale ne Shqiperi, 
si edhe ne pervojen boterore te shfrytezimit te kesaj energjie me teknologji 
moderne dhe me efektivitet ekonomik te larte, terheqim vemendjen e 
komunitetit te biznesit shqiptar se ka mundesi te krijoje bisnese te reja 
fitim prurese ne disa drejtime: 

1. Shfrytezimi integral dhe kaskade i nxehtesise se ujerave 
gjeotermale. Ky shfrytezim i ujerave termale te burimeve ose te 
puseve lehtesohet nga fakti se ato pergjithesisht ndodhen ne zona te 
zhvilluara nga ana urbane ne Shqiperi. Deri tani vetem disa ujera te 
burimeve termale, si ato te Lixhave ne Elbasan, Ne Bilaj te Fushe 
Krujes, te Peshkopise etj shfrytezohen vetem per kurimin e 
semundjeve te ndryshme. Por ky shfrytezim i kesaj energjie ne 
menyre primitive, si koncept dhe si mundesi zhvillimi. Keto ujera 
mund te shfrytezohen me efektivitet te larte ekonimik per: 

2 . 

a) Ekoturizmin gjeotermal. Mjafton te permendim se ne Itali, 
qendrat komplekse gjeotermale i vizitojne rreth 2.5 milion 
turiste/vit. Mund te ndertohen hotele me pishina me uje te ngrohte, 
me sauna, me salla e fusha sportive, me lokale argetimi, etj. 

b) Klinika mjekesore moderne, per te terhequr edhe paciente te 
huaj, qe duan te shfrytezojne vetite e rralla kuruese te shume ujerave 
termave te vendit tone. 

c) Ngrohjen e serave dhe zhvillimin e akuaultures (rritje rasati te 
peshve dekorative dhe te rralle, si edhe te algave me te cilat prodhohen 
pomadat me te shtrenjta per shume semundje dhe kozmetike. 

d) Nxjerrje e kriperave dhe e mikroelementeve te dobishem. 
ejlndustrializim i ujerave minerale te vegante. 
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Foto 1. Llixhat e Elbasanit 



Foto 2. Pusi gjeotermal Kozani-8 
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Foto 3. Burimet gjetemale te Benjes, Permet 



Foto 4. Perroi i Banjes, Peshkopi 
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2. Ngrohja dhe freskimi i banesave me sistemin moderne pus- 
kembyes vertikal nxehtesie-pompe gjeotermale nxehtesie (BHEGHP). 
Rendom, kur behet fjale per energjine gjeotermale, njerezit nenkuptojne 
vetem ujerat e ngrohta te burimeve. Kjo eshte nje pjese e te vertetes. Por 
keto ujera jane zakonisht te rralle dhe te paket. Ajo qe ka kudo dhe ne 
sasi te medha eshte nxehtesia e shtresave te tokes qe nga pjeset 
pranesiperfaqesore e deri ne thellesi te medha. Kesisoj, burimi kryesor i 
energjise gjeotermale eshte nxehtesia e ketyre shtresave. Ky duhet te jete 
drejtimi kryesor i perdorimit te energjise gjeotermale eshte shfrytezimi i 
nxehtesise se shtresave te Tokes Keto sisteme, per te njejten kapacitet 
ngrohes ose freskues, duke shfrytezuar energjine gjeotermale, 
konsumojne mesatarisht mbi 3 here me pak energji elektrike, ne 
krahasim me kondicioneret me pompa nxehtesie ajer-ajer, qe perdoren 
sot ne vendin tone, ose ngrohja me keto sisteme eshte mbi kater here me 
te lire sesa ngrohja me kaldaje me nafte. 

Kriza energjetike e vendit, kerkesa gjithnje e ne rritje te energjise 
per ngrohjen dhe freskimin e banesave, qe ne vitin 1999 zinte 23.8% te 
totalit te energjise elektrike te prodhuar ne vend dhe sot eshte akoma me 
teper, si edhe shkuarja qofte edhe gradualisht drejt zbatimit te normave 
europiane per ngrohjen e banesave, per te lene mprapa ngrohjen vetem te 
nje dhome nga shqipetaret ne shekujt e varferise se tyre, na nxiten te 
mendojme per te kontribuar ne zgjidhjen e ketij problemi. Qeshtja behet 
akoma me problemore me perdorimin e naftes e gazit per ngrohje, te cilat 
veg te tjerash emetojne ne atmosfere sasi te medha gazi CO 2 . 


Ngarkesa e ngro hjes: (1 375 GWh 
ose 23.8%e totalit) 

Ngarkesa mesatare pa ngro hje: 
(4400 GWh ose 76.2%e totalit) 



Kurba e vazhdueshmerise vjetore te ngarkeses elektrike pa 
ngrohje me ngrohjen per vitin 1999 (Energjia elektrike totale e 
furnizuar 5775 GWh), (Agencia Kombetare e Energjise). 
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Ngrohja e godinave publike dhe shtepive te banimit, si edhe 
serave me anen e nxehtesise se shtresave pranesiperfaqesore te 
tokes eshte nje nga drejtimet aktuale qe po perjeton nje bum te 
madh ne vendet e Evropes dhe ne SH.B.A., Kanada, Japoni etj. 

Per kete qellim, perdoret Sistemi Kembyes Nxehtesie-Pus (KNP)- 
Pompe Gjeotermale Nxehtesie (PGjN), i cili shfytezon burimet vendore te 
energjise, sip eshte nxehtesia e shtresave pranesiperfaqesore, per 
ngrohjen e banesave. 

Burime nxehtesije mund te jene: 

a) Shtresat pranesiperfaqesore deri ne thellesine 100-150 m. 

b) Uji nentokesor, i ngrohur nga nxehtesia e shtresave. 

c) Uji i liqeneve dhe i deteve 

Nxehtesia nga shtresat e tokes merret me anen e kembyesve te 
nxehtesise, te disa tipave. Nje kembyes vertikal i nxehtesise (Fig. 3), 
koaksial ose ne forme U-je, instalohet ne shpime 30-150 m te thelle. 
Fluidi qe qarkullon neper kete kembyes nxjerr nxehtesine nga shtresat e 
Tokes. Keto sisteme kembyesish nxehtesie emertohen me qark te 
mbyllur. Ne Shqiperi, ku keto shtresa kane temperature 5-20°C ne 
kembyes mund te qarkulloje uje, sepse nuk ka rrezik ngrirje te tij. 
Kembyes te shumfishte, te instaluar ne bateri pushesh perdoren per te 
ngrohur godina te medha ose blok godinash publike (Fig. 4).. 



Fig. 3. Kembyes vertikal nxehtesie ne pus 100 m te thelle. 
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Typed Geotfnrnftal hi-phr^ & Ceding 5yi1*m 



Fig. 4. Bateri pusesh per kembyesit vertikal te nxehtesise. 


Ne zona ku perreth godines ka toke, mund te perdoret kembyes 
nxehtesie i vendosur horizontalisht, ne transhe 1-2 -1.8m te thelle (Fig. 5), 
i cili mund te kete forma nga me te ndryshmet. Natyrisht, efektiviteti i 
ketyre kembyesve te nxehtesise, sepse ne to ka ndikim te madh ndryshimi 
i klimes. 



Fig. 5 Kembyes horizontal nxehtesie i thjeshte 
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Kur shfrytezohet nxehtesia e ujerave nentokesore ose e liqeneve e 
deteve, sistemet emertohen me qark te hapur (Fig. 6). Nga nentoka ose 
rezervuari merret uji, i cili dergohet drejt perse drejti ne pompen e 
nxehtesise uje-uje. Kur merret uji i detit, per te evituar korrozionin, uji i 
detit futet ne nje kembyes nxehtesie. Pasi kalon ne pompen e nxehtesise 
ose ne kembyesin e nxehtesise uji i detit, ai injektohet perseri ne shtresat 
nentokesore, ose rikthehet ne rezervuarin e uiit. 



Pozzo di prolie vo 


Pozzo di resti (uzi one 



Surface Water System 


Fig. 6. Sistemi me qark te hapur: a) Pus- Pompe gjeotermale nxehtesie; b) 
Liqen-Pompe gjeotermale nxehtesie per ngrohjen e banesave dhe te 
serave.c) Konstruksion i pusit (b). 
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Aktualisht keto jane sistemet me moderne, me efektivitetin 
ekonomik me te larte dhe konsumin me te vogel te energjise 
elektrike, me teknologji me te perparuar miqesore me mjedisin dhe 
po behen gjithenje e me shume me popullore. 

Ne 26 shtete ne Europe dhe ne SHBA, sipas te dhenave jo te plota 
per vitin 2005 jane montuar 900 mije instalime BHE-HP, me fuqi 12 kW 
sejcila, per ngrohjen dhe freskimin e shtepive-vila, por ka edhe mijera 
instalime me fuqi deri 500-1500 kW per ngrohjen e institucioneve dhe te 
blloqeve te banesave komunale (Ryback L. et al. World Geothermal 
Congress 2005). Kapaciteti i instaluar eshte 15 723 MWt dhe energjia e 
shfrytezuar 86 673 TJ/vit (24 200 GWh). Ne Gjermani aktualisht ka mbi 
40 mije instalime. Ne vitin 2005 jane instaluar 6799 pompa gjeotermale 
nxehtesie dhe vetem 1526 kondicionere me pompa ajer-ajer. Shembull 
tipik eshte edhe Zvicra, ku ka 25 000 instalime, me fuqi te pompes nga 
19-40 kW, te cilet shfrytezojne nxehtesine e shtresave pranesiperfaqesore 
te tokes me temperature 10°C. Ne Austri ka 23 000 instalime, ne Suedi 
200 000, ne Danimarke 43 000, ne France 40 000, ne USA 600 000 
instalime etj (Curtis R. et al. 2005). 


Vendi 

Fuqia e instaluar 
MWt 

Energjia e dhene 
GWh/vit 

Numbri i instalimeve 

Sh.B.A. 

6,300 

6,300 

600,000 

Suedi 

2,000 

8,000 

200,000 

Gjermani 

560 

840 

40,000 

Kanada 

435 

300 

36,000 

Zvicer 

440 

660 

25,000 

Austri 

275 

370 

23,000 


2. Tabloja e energjise gjeotermale te shtreseva prane siperfaqesore ne 
Shqiperi. 

Ashtu si kudo, edhe ne Shqiperi shtresat pranesiperfaqesore te 
Tokes kane nxehtesi. Nga analiza e gjendjes se regjimit gjeotermal te kesaj 
prerjeje gjeologjike, rezulton se kjo prerje gjeologjike ka energji 
gjeotermale e niveleve te tilla qe lejon te shfrytezohet nxehtesia e tyre per 
te ngrohur godinat (Frasheri A. 2004, Frasheri A. etj. 2004, 2003). Kjo energji 
mund te shfrytezohet me sukses per ngrohjen e godinave publike (zyra, 
spitale, bibioteka, shkolla, teatro e kinema, godina aeroporti etj) si edhe 
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blloqe banesash e vila per banim, duke shfrytezuar sistemet moderne te 
ngrohjes Kembyes Nxehtesie-Pus-Pompe Gjeotermale Nxehtesie. 

Sasia e nxehtesise, temperatura ne siperfaqen e Tokes dhe gradienti 
gjeotermal i prerjes gjeologjike praen siperfaqesore kondicionohen nga 
kushtet e vendndodhjes gjeografike, kushtet gjeomorfologjike (pjeresia e 
siperfaqes se Tokes dhe pozicioni i saj ne raport me Diellin), litologjia e 
truallit dhe e shkembinjve rrenjesore, nxehtesia specifike dhe lageshtia, 
stina dhe moti. Sipas vrojtimeve gjeomorfologjike shumevjeccare rezulton 
se mesatarisht 140.000 kalori/cm 2 nxehtesi merr trualli nga rrezatimi 
diellor gjate veres ne trevat fushore ne Shqiperi. Sasia e nxehtesise arrin 
ne 120.000 kalori/cm 2 ne rajonet veri-lindore malore (Gjoka L., 1990). 

Shperndarja e fushes termale ne territorin shqiptar, ne pajtim me 
vlerat e gradientit gjeotermal, ne ne pjesen e siperme pranesiperfaqesore 
te prerjes gjeolgjike tregon se temperatura ne thellesine 100m ka vlera si 
meposhte vijon (Fig. 7) (Frasheri A. etj. 2004): 

Temperatura ne zonen bregdetare: 

Minimale 16.6°C 
Maksimale 18,8°C 
Mesatare 17.8 °C 

Temperatura ne zonen perendimore fushore-kodrinore: 

Minimale 1 7 . 1 5°C 

Maksimale 18,4 1°C 
Mesatare 18.0 °C 

Temperatura ne zonat kodrinore -malore: 

Minimale 6.7°C 
Maksimale 18,6°C 
Mesatare 14.7 °C 

Ne fushen e Tiranes (Rinas), temperatura eshte 15.5°C nga thellesia 20 
deri 35m, ne depozitimet kuaternare (Fig. 8) (Frasheri A. etj. 2004). Sicc 
duket nga termograma e pusit ne Rinas, nga siperfaqja e Tokes e deri ne 
thellesine 20 m, me kete zone, temperatura e depozitimeve ndryshon ne 
varesi te stine dhe percaktohet nga nxehtesia qe Toka merr nga Dielli. Ne 
dimer, temperaturat jane me te ulta, edhe ne kete pjese te prerjes 
gjeologjike. Ne thellesi me te medah, temperatura e depozitrimeve dhe e 
shkembinjve nuk varet nga stinet dhe percakjtohet nga gradienti 
gjeotermal normasl i zones; per rastin e rinasit 15.5°C. Konstatohen 
ndryshime anesore te temperatures deri ne 0.5°C edhe ne distanca deri 
500m, ne te njejten kohe. Keto ndryshime anesore jane kondicionuar nga 
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litologjia e depozitimeve kuaternare. Eshte vrojtuar se ne rajonet malore 
te vendit, thellesia e temperatures qe percaktohet nga rrezatimi diellor 
arrin deri ne 50. 



Fig. 7 
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Fig. 8 Termograma e pusit ne fushen e Tiranes (Rinas) 

Nxehtesia e shtresave prane siperfaqesore te Tokes kane ngrohur 
edhe ujerat e rezervuareve nentokesore. Ne trevat fushore ne perendim te 
Shqiperise, ujerat nentokesore kane keto temperatura: 

Temperatura e ujit e shtresave zhavorore te kuaternarit eshte 14-15 °C, 
Temperatura e ujit e shtresave ranore te kuaternarit eshte 15-16 °C, 

Per rrjedhoje ujinentokesor mund te sherbeje si burim nxehtesie per 
pompat gjeotermale. 
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3. Vleresime ekonomike per skemen ngrohese Pus-Kembyes vertikal 

nxehtesie-Pompe gjeotermale nxehtesie 

Nga te dhenat e literatures rezulton se kosto e investimit per sistemet e 
ngrohjes gjeotermale luhaten 34-216 Euro/m 2 te siperfaqes se godines. 
Kosto me e ulet eshte ne rastet kur si burim nxehtesie sherben uji 
nentokesor, per marrjen e te cilit kerkohet te shpohet pus i ceket, ne te 
cilin mund te behet edhe ri-injektimi i ujit perseri ne shtrese pasi kalon 
neper pompen gjeotermale. Kosto maksimale del kur burim nxehtesie jane 
shtresat pranesiperfaqesore dhe pVr tV nxjerre nxehtesine kerkohet te 
shp;ohen puse deri 100m te thelle per te vendosur kembyesin vertikal te 
nmxehtesise. E krahasuar kjo kosto me ate te sistemeve me kaldaje, 
rezulton se ajo eshte rreth 135.7% me e madhe. 

Sistemet kembyes nxehtesie-Pus-Pompe Gjeotermale Nxehtesie 
(KN-P-PGjN) kane marre kete zhvillim megjithese kane kosto 
ndertimi 30-40 % me te larte se kosto e sistemeve ngrohese 
konvencionale me boiler nafte. Ka disa arsye per kete: 

1) Konsiderata ekonomike. Aktualisht, kosto e instalimit te KN-P- 
PGjN eshte me e madhe sesa e instalimeve konvencionale me 
karburant. Megjithe kete kosto vjetore e “karburantit” te sistemit 
KN-P-PGjN (energjia elektrike per pompen termike dhe pompen e 
qarkullimit) jane ne menyre te konsiderueshme shume me te ulta 
sesa karburanti i nje ngrohesi konvencional me nafte ose gas. Per 
koeficient performance KP = 3.5, kursehet deri 71% e energjise 
elektrike. Keshtu, koha e kthimit te shpenzimeve te KNP eshte 
me e shkurter se koha e punes se vete sistemit ngrohes. 

2) Konsiderata mjedisore. KNP-pompe termike eshte nje sistem 
mjedisor i paster qe nuk emeton gaze CO 2 (“efekti sere”), keshtu 
qe evitohet per pronarin e shtepise pagesa e takses per emisionin 
e gazeve CO 2 , e cila eshte ne diskutim ne vendet e Komunitetit 
Europian. 

3) Mbeshtetje qeveritare. Per instalimin e sistemit KN-P-PGjN, 
qeveria japoneze jep nje investim prej 200 USD per gdo kWe te 
Pompes gjeotermale te Nxehtesise, duke patur nje limit te siperm 
5 200 USD. 
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Per nje vleresim te plote po paraqesim disa preventive, me qellim qe 
te analizohen dy probleme: kosto e instalimit te sistemit dhe shpenzimet 
per energjine elektrike ose per konsumin e naftes te sistemeve te 
ndryshme ngrohese, sipas gmimeve aktuale ne Shqiperi. 


Godina: Hotel 

Siperfaqja e pergjitheshme e 3 kateve: 
Ngrohja: me kalorifere (radiatore) 
Kapaciteti per ngrohje 
Periudha e ngrohjes 

Sistemi ngrohes, analizohen tre variante: 

a) Pus-pompe gjeotermale nxehtesie 

b) Kaldaje me nafte 

c) Kondicionere 


610 m2 

68.5 KW 
1170 ore/vit 


Kosto e pergjitheshme paraprake e instalimit: 

a) Pus-pompe gjeotermale nxehtesie 43.000 Euro 

b) Pus-kemb. Vert, nxehtesie-pompe gjeo. nxeht. 68.461 Euro 

c) Kaldaje me nafte 27.000 Euro 

d) Kondicionere, tip “General” 15.600 Euro 


Kosto paraprake e instalimit per meter katror te siperfaqes: 

e) Pus-pompe gjeotermale nxehtesie 71,66 Euro/m 2 

f) Pus-kemb. Vert, nxehtesie-pompe gjeo. nxeht. 112,63 Euro/m 2 

g) Kaldaje me nafte 44,26 Euro/m 2 

h) Kondicionere ajer-ajer, tip “General” 26,00 Euro/m 2 


Kosto paraprake vjetore operative e konsumit te energjise elektrike ose 
lendes djegese gjate 1170 oreve, per te vene ne pune sistemin ngrohes: 


a) Pus-pompe gjeotermale nxehtesie 33.304 kW 

i) Pus-kem. V. nxeh.-pom. gjeo. nxe. 33.304 kW 

b) Kaldaje me nafte 2.282 Lit. naft. 

c) Kondicionere 93.636 kW 

d) Radiatore elektrike 137.700 kW 


3.384 Euro 
3.384 Euro 
11.982 Euro 
9.515 Euro 
13.993 Euro 


Kosto paraprake totale vjetore per energjine ngrohese: 

- Euro/KW Viti pare 

a) Pus-pompe gjeotermale nxehtesie 677,14 

b) Pus-kem. V. nxeht.-pompe gjeo. nxehtesie 1.048,83 

c) Kaldaje me nafte 569,08 

d) Kondicionere 366,79 


Viti dyte 
49,40 
174,93 
138,91 
204,28 
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- Euro/m 2 


a) Pus-pompe gjeotermale nxehtesie 

76,04 

5,55 

b) Pus-kem. V. nxeht.-pompe gj. Nxehtesie 

. 117.78 

5.55 

c) Kaldaje me nafte 

63,90 

19,64 

d) Kondicionere 

41,19 

15,60 


Ne figurat 9, 10 paraqiten grafiket e kostos per konsumin e energjise 
elektrike ose te naftes, si edhe koston e pergjitheshme te instalimit dhe te 
konsumit te lendes se pare gjate dhjete vjeteve te punes se instalimeve me 
sisteme te ndryshme ngrohjeje. Duket qarte se p eriudha e vetshlyerjes se 
investimeve per sistemin “pus-pompe gjeotermale rvcehtesie” eshte: 

* 1 vit. Ajo mbulohet vetem me shpenzimet qe do te beheshin per naften e 
kaldajes 

* 5 vjet. Ajo mbulohet vetem me shpenzimet qe do te beheshin per energjine 
elektrike te kondicionereve. 



Fig. 9. 
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Nga vleresimet e bera rezulton se kosto njesi e instalimit luhatet 70-184 
Euro/m 2 , si edhe 630-2120 Euro/kW, ne varesi te burimeve te 
nxehtvsise. Kosto me e larte eshte per rastet e ndertimit te kembyesve 
vertikale te nxehtesise ne puse. Kosto me e ulet eshte kur si burim 
nxehtesie eshte uji nentokesor dhe kerkohet pus i ceket per te marre ujin 
dhe per ta injektuar pasi kalon neper pompen gjeotermale te nxehtesise. 
Sig duket nga paqyra e me sipereme, kosto per instalimin e sistemit 
gjeotermal eshte me e larte sesa kur ndertohen sisteme ngrohese me 
kaldaje ose edhe me kondicionere ajer-ajer ne masen 2-2.8 here, por kjy 
shpenzim shlyhet per disa vjet (2-5 vjet) nga kursimi i shpenzimeve per 

konsumin e naftes opse te energjise elektrike. Ne figuren jepet 

grafiku i kostos ne leke per nje njesi (kW) te ngrohjes. Duket qarte se 
sistemi gjeotermal ka koston me te vogel se te gjitha sistemet e te tjerave. 

4. THIRRJB PER INVESTIM 


Zgjidhja ekonomike e problemit te ngrohjes ne Shqiperi eshte nje 
detyre e dites, teper e rendesishme, veganerisht me kushtet e krizes 
energjetike qe po kalon vendi. Nje nder rruget e duhura eshte perdorimi i 
energjise gjeotermale. Ne Shqiperi ka nje bum ne ndertimet e godinave te 
larta shumekateshe. Ato ende projektohen te ngrohen me kaldaja me 
nafte ose me gaz, si edhe me kondicionere ajer-ajer. Ne te gjitha godinat e 
institucioneve shteterore ngrohja dhe freskimi behet me kondicionere 
ajer-ajer, spitale, konvikte, hotele, etj ngrohen me sistemin me kaldaja me 
nafte ose me gaz. Ka ardhur koha, qe te dilet mbi synimet e bisnesmeneve 
qe tregetojne naftge e gaz, mbi praktikat e konsumit te energjise elektrike 
qe paguhet nga buxheti i shtetit, ose qe nuk paguhet ende. Futja e 
sistemeve ngrohese dhe freskuese me anen e energjive te rinovueshme, 
midis te cilet ate te nxehtesise se Tokes, duhet te filloje te realizohet. 

Per te hapur kete drejtim te ri te perdorimit te energjise gjeotermale, 
qe eshte energji e rinovueshme dhe miqesore me mjedisin, ne kete projekt 
- ide propozojme qe te ndertohet ne Tirane nje instalim demonstrativ, 
duke ngrohur dhe freskuar nje godine. Le te jete kjo godine nje spital ose 
klinike mjekesore, nje konvikt, qofte edhe nje godine e re shumekateshe 
ose vile private qe ndertohet. 

Me realizimin e kesaj projekt ideje i behet apel administrates 
shteterore qe mbulon problemet energjetike, komunitetit te biznesit si 
edhe opinionit tekniko-shkencor, qe te krijojne mundesi per te bere 
ngrohjen e bane save sa me ekonoimike dhe sa me mire. Shteti, me levat e 
veta ekonomike duhet te stimuloje futjen edhe ne Shqiperi te ketyre 
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sistemeve moderne dhe shume ekonomike e miqesore me mjedisin. 
Komuniteti i biznesit duhet ti njohe dhe te investoje per ndertimin e 
sistemeve Kembyes Nxehtesie-Pus-Pompe Gjeotermale Nxehtesie, duke 
hapur rruge per biznese te reja, ne plan kombetar. Universitet teknike te 
shperndajne njohurite per keto sisteme bashkekohore dhe te behen nxites 
te zbatimit te tyre ne Shqiperi. 

4.1. Qellimi dhe objektivat e projektit 

4.1.1. Qellimi i projektit: 

a) Projektimi dhe ndertimi i nje sistemi demonstrativ ngrohes me 
perdorimin e nxehtesise se shtresave pranesiperfaqesore te tokes, ose te 
ujerave nentokesore. 

b) Sensibilizimi i investitoreve shqiptare dhe i komunitetit mbi 
efektivitetin e larte ekonomik per shfrytezimin integral dhe kaskade te 
energjise gjeotermike ne Shqiperi. 

4.1.2. Objektivat: 

1. Projektimi i nje sistemi ngrohes me energjine gjeotermale ne nje nga 
objektet e reja qe ndertohen ose ne godina ekzistuese, qe aktualisht 
ngrohen me system me kaldaje nafte. 

2. Ndertimi i instalimit demostrativ ngrohes i projektuar. 

3. Perhapja e dijeve dhe njohurive tekniko-ekonomike per sistemet 
ngrohes qe shfrytezojne nxehtesine e Tokes., ne menyre qe te behet 
atraktive per investitoret. Sensibilizimi i opinionit publik, i komunitetit 
te bisnesit, i administrates publike, i investitoreve shqiptare, i 
pronareve te klinikave mjekesore dhe hoteleve mbi leverdine 
ekonomike te ngrohjes dhe te freskimit te godinave duke shfrytezuar 
energjine gjeotermale, ne kuadrin e shfrytezimit te energjive te 
rinovueshme, si energji alternative. 

4.1.3. Investimi i nevojshem 

Per ndertimin e sistemit demostrativ gjeotermal te ngrohjes kerkohet 
investim ne masen qe percaktohet ne varesi te madhesine se godines qe 
do te ngrohet. Per kete qellim propozojme qe nje variant mund te ishte nje 
godine qe projektohet te nderthet dhe te ngrohet me system ke kaldaje 
nafte. Mund te jete edhe ndonje kodine ekzistuese, p.sh. konvikt 
universitar, i cili aktualisht ngrohet me kaldaje me nafte, si konvikti i 
Fakultetit te Ndertimit. Fillimisht, do te ishte e pershtatshme, qe ky 
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instalim te ndertohet me sistemin ku si burim nxehtesije te jete uji 
nentokesor. Kjo do te beje qe kosto te jete me e vogel. 

Mbeshtetur ne analizen e kostos se bere me siper, kosto e instalimit per 
keto sisteme qe bazohen ne nxehtesine e ujerave nentokesore jane 
70-150 Euro/ m2. 
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Geoelectrical Line, erosive littoral at 
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Abstract 


Geothermal features of the distribution of geothermal field: temperatures at different depths 
and geothermal gradient, heat flow density, and geothermal resources zones, in the Albanides 
are presented in the paper. Based on modeling results, geothermal phenomena are analyzed up 
to Moho discontinuity, in two profiles across the Albanides. The temperature signals from the 


2 




451 


Albanides depth, in the framework of the integrated interpretation with geological studies 
results, are analyzed. 

1. Introduction 

The Albanides represent an assemblage of the geological structures in the territory of Albania, 
and together with the Dinarides at the North and the Hellenides at the South, have formed the 
southern branch of the Mediterranean Alpine Belt. 

Integrated regional geophysical studies have been performed during exploration accros the 
Albanides, onshore and in the continental shelf of Adriatic Sea. Seismological studies, gravity 
and magnetic surveys, reflection seismic lines, geothermal studies, radiometric investigations, 
vertical electric soundings and well logging were applied. Interpretations of the geophysical 
studies results rely on the regional geological studies data. 

2. Geological setting of the Albanides 

Albanides tectonic setting comprises two major peleogeographic domains: the Internal 
Albanides in the east and the External Albanides in the western part of Albania (Aubouen & 
Ndojaj, 1964, Frasheri et al., 1996, I.S.P.GJ. et al., 1983, 1985, Me§o & Aliaj, 2000, Melo, 
1986, Papa, 1970, 1993). 

The Internal Albanides are an integrated part of the Subpelagonian Trough, and are 
characterized by presence of the immense and intensively tectonised ophiolitic belt, displaced 
from east to west forming a thrust nape. 

The External Albanides represent a part of South Adriatic Sedimentary Basin, developed out 
of the western passive margin and continental shelf of the Adriatic plate. The External 
Albanides are affected only by late Miocene paleotectonic stages. 
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2.1. Earth crust configuration 

Seismological studies, seismic, gravity, magnetic and geothermal surveys depict the Earth 
Crust configuration (fig. 1; 2, 3), (Aliaj, 1987, 1989, Arapi, 1982, Bushati, 1987, 1988, 
Frasheri et al., 1996, 2003, 2004, Ko§iu, 1989, Lubonja et al., 1968, Sulstarova, 1987, Veizaj, 
et al. 1996). 

Geophysical data reveals that the Earth crust becomes thicker from central regions of Adriatic 
towards Albanides mainland. The regional gravity trend in Adriatic Sea area and in the 
Albanides reflects the configuration of the Moho discontinuity. So, in the geological- 
geophysical profiles Albanid -2 (Fig. 2) is presented the decreasing of the gravity force from 
the Adriatic Sea region toward the Albanides because of the Moho discontinuity plunges from 
25 km in the central part of the Adriatic Sea (Finetti & Morelli, 1972) to 43- 52 km at eastern 
part of Albanides. In the Albanides are fixed four third order trends of Bouguer anomalies of 
the low order: two maximums two minimums (Fig. 1). Presumably these anomalies are 
caused by the vacillation of the depth of roof of Moho discontinuity, and reveal a block 
tectonic setting of the crust, which coincides fully with seismological studies data. The 
sedimentary crust is 15 km thick in the Adriatic seashore and increased in northwestern 
regions of Albania. This tectonic setting of the deep levels of the earth crust in Albanides has 
its reflection even in the scattering of the magnetic fields. Considering the magnetic regional 
anomalies brings in conclusion that the top of crystaline basement plunges toward the littoral 
of the Albanides up to central areas of the Albania (Fig. 2). Consequently, the Earth crust in 
Albanides is interrupted by a system of longitudinal fractures of NW - SE direction and 
transversal fractures that, according to the seismological studies, touch into the mantel (Aliaj 
1989, Frasheri et al. 1996, 2003, Sulstarova, 1987). Some of them separate even the tectonic 
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zones. Regional fractures have conditioned the presence of some heat flow anomalies and 
geothermal zones, where thermal springs are located. 

2.2. Tectonic zones 

Based on geological and geophysical regional studies and regarding the facial-structural 
criterion, across the Albanides are distinguished the following tectonic zones (Fig. 5): 

A) Internal Albanides: Korabi, Mirdita, Gashi tectonic zones, 

B) External Albanides: Albanian Alps, Krasta-Cukali, Kruja, Ionian, Sazani tectonic zones, 
and Peri Adriatic Depression. 

Internal Albanides. The tectonic zones of the Internal Albanides lie along the eastern part of 
Albania. 

Korabi zone (K), (analogue of the Pelagonian zone in Hellenides and Golia zone in 
Dinarides). In this zone outcrop the oldest formations of Paleozoic in Albania. Gravity 
Bouguer anomaly configuration in the Korabi zone reveals that Korabi zone structures are of 
low orders (Fig. 1). The contact between Korabi and Mirdita zone coincides with a deep 
seismogene structure (Sulstarova, 1987). 

Mirdita zone (M), (analogue of the Subpelagonian zone in Hellenides and Serbian zone in 
Dinarides). Three tectonic stages are formed in this zone during the different orogenic phases. 
The lower nappe is made up of ophiolites. The ophiolitic belt is characterized by intensive 
Bouguer anomalies and by a magnetic field with weak and turbulent anomalies (Figs. 1, 2) 
(Bushati, 1997, 1998, Frasheri et al., 1996, 2003). There are three characteristics of the 
anomalous belt in Mirdita zone: 

• The anomalies are divided in two parts, at the north and at the south of Shengjergji 
flysch’s corridor. 
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• There are five gravity maximums, with epicenters set one after the other in an 
anomalous chain from the northeast part of Albania to its southeastern area. The 
anomalies have maximal amplitude up to 105 mGal and strong gradients that separate 
them from each other. The anomalous belt undergoes an obvious turn of 60°-70° 
toward the direction of the Dinarides ophiolitic belt in the northeastern part of 
Albania. 

• The biggest amplitudes of the anomalies came from the northern part of ultrabasic 
massifs of the eastern belt. 

The biggest thickness of ophiolitic belt is about 14 km at its northeastern edge, but it 
decreases up to 2 km towards the west and southeast. This geological setting demonstrates the 
allochtonous character of ophiolites belt and the covering character of their western contact 
onto the formation of the Krasta-Cukal zone of External Albanides. The tectonic relationships 
between the Internal and the External Albanides have nappe character (Cadet et ah, 1980, 
Frasheri et ah, 1996, 2003, Hoxha, 2000, Hoxha & Avxhiu, 2000, Lubonja et al,. 1968, Melo, 
1986, Papa, 1993, Qirinxhi, 1970). There is presented also the autochthonous character of the 
Albanides ophiolitic belt (I.S.P.GJ. et ah, 1983, 1985, Becaluva et al,. 1994, Gjata & Kodra, 
2000, Kodra, 1998, Shallo et ah, 1989, Robertson et ah, 2000). 

The molasses post-orogenic deposits have covered transgressively Mirdita and 
partially Krasta-Cukali tectonic zones in Kor£a and Burreli internal depressions developed 
during the tarditectonic-neotectonic stages. 

Gashi zone (G). (analogue of the Durmitory zone of the Dinarides) at the north of Albania. It 
consists of metamorphic rocks, terrigeneous rocks, limestone, metamorphic volcanites, as 
well basic intermediate and acidic rocks. 
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External Albanides. The tectonic zones of the External Albanides outcrop chiefly in the 
western part of Albania (Aliaj, 1987, 1989, Bare et al., 1986, Dalipi, 1985, Frasheri et al., 
1996, 2003, Mehillka et al., 1999, Xhufi & Canaj ,1999, Prenjasi, 1992, Prenjasi et al., 2003). 
Albanian Alps zone (A), (analogue of the Parnas zone in Hellenides and High Karst in 
Dinarides) at the north of Albania. Sandstone and the conglomerates of Permian are the oldest 
rocks, which outcrop in this zone. In general, the Albanian Alps represent limestone 
monoclines, as well as smaller anticlines in their background. A regional gravity minimum 
extends on the Alps zone (Fig. 1). 

Krasta-Cukali zone (KC), (analogue of the Pindos zone in Helenides and in Budva zone of 
the Dinarides). It is an intermediate zone between the Internal and External Albanides, and is 
divided into two subzones of Cukali and Krasta: 

The Cukali subzone extends in the north of the Krasta-Cukali zone. It is composed of 
Triassic-Cretaous carbonate rocks, some middle Triassic effusive rocks and few radiolarites at 
the top of Upper Jurassic, overthrusted onto the Maastrichtian-Paleocene-Eocene flysch. The 
Cukali subzone represents a big anticline in its background. The Alps and Mirdita zones 
overthrust onto this subzone. 

Krasta subzone extends from Shkodra city in the North to Leskoviku in the southeast. 
Three formations outcrop in this subzone: the Albian-Cenomanian early flysch, Senonian 
limestone serie and Maastrichtian - Eocene young flysch. The latter flysch appears obviously 
as a tectonic window even in Shen-Gjergji corridor, between two ophiolitic belt parts. 

Kruja zone (Kr), (analogue of the Dalmateian zone in Dinarides and the Gavroro one in 
Hellenides). The Kruja zone consists of a series of anticline structures with Cretaceous- 
Eocene carbonate cores of neritic limestones; dolomitic limestones and dolomites covered 
with the Oligocene flysch deposits. Tortonian molasses overlies transgressively the carbonate 
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rocks of some structures of the Kruja zone, while in some other ones; the Burdigalian 
premolasses transgress on the flysch section. 

The carbonate section of the Kruja zone is plonged down up to 10 km, where they are 
underlain by the Triassic evaporite formations. Anticline structures of this zone are 
asymmetric and some of them have their western flanks desected by disjunctive tectonics. 
Most of them are of linear type reaching maximum length of 52 km. 

Ionian zone (Io) extends in the southwestern part of Albania, which continues in the 
Hellenides, too. It is the widest zone of the External Albanides, developed as a deep pelagic 
trough since the Late Liassic. The upper Triassic evaporites are the oldest rocks, which 
outcrop in this zone. Over this formation lies a thick sequence composed of upper Triassic- 
lower Jurassic dolomite limestone and Jurassic-Cretaceous-Eocene pelagic limestone and 
cherts. The limestone section passes on gradually into the Oligocene flysch, Aquitanian 
flyschoidal formation, and Burdigalian-Langhian and partially of Serravalian-Tortonian 
premolasses. Significantly flysch deposits overlie carbonate oil field and prospects, whereas 
the Burdigalian and Tortonian molasses often lay on them. This phenomenon has brought 
about a geological setting of two tectonic stages (Fig. 3). 

Integrated geological-geophysical data show the presence of many anticline carbonate 
structures often seatled with flysch deposits along the three facial-structural belts of the Ionian 
zone. 

Two main tectonic styles are apear in the Ionian zone: Duplex tectonics and imbricate 
one. The anticline structures are desected by longitudinal tectonic fault along their western 
flanks. Recumbent, and overthrusted-eroded structures thrusted up to of 5-6 km horizontal 
displacement are also present (Prenjasi, 1992). The overthrustig phenomenon has been 
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have happened owing to retrotectonic phenomenon (Aliaj, 1987, 1989, Fezga et al., 1996, 
Valbona et al., 1987). 

The regional reflection seismic lines across the Ionian zone show that the 
undethrusting limestones of the southern Adriatic basin and Sazani Zone have taken place 
during the structuring process of the Ionian zone (Fig. 3). 

Sazani zone it is an integrated part of the Apulian platform, buldet of a thick Cretaceous- 
Eocene limestone and dolomite section, widely overlied by transgressive sequences of 
Burdigalian to Tortonian premolasses. 

Peri-Adriatic Depression. This unit covers transgresively considerable part of the Ionian, 
Sazani and Kruja tectonic zones. This is a foredeep depression filled with Miocene to 
Pliocene-Quaternary molasses (Fig. 3). The thickness of the molasses increases from 
southeast to northwest, reaching 5000 m. Ussually; the molasses deposits lay trangressively 
on the older ones, down to the limestone and erect a two-stage tectonic setting (Fig. 3). 

The External Albanides, as a part of Albanian Sedimentary Basin, continue towards 
the shelf of the Adriatic Sea with carbonate and terrigene formations. The stratigrafic column 
of Albanian Sedimentary Basin is about 15 km thick. 

3. Geothermal study method 

The studies on the geothermal field and evaluation of the geothermal energy in Albania, in the 
cource of the preparation of “Atlas of Geothermal Resources in Albania”, European 
Geothermal Atlas and European Geothermal Energy Resources Atlas, have performed on the 
basis of the temperature logs of 84 oil and gas wells and 59 shallow boreholes. The 
temperature was measured with either resistance or thermistor thermometers. Thermal inertia 
of these thermometers is respectively 5-6 seconds and 3.5 seconds. The thermal conductivity 
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of the rocks was determined in the Laboratory of Department of Geothermics of the 
Geophysical Institute, Czech Academy of Sciences, Prague. Heat-flow density calculations 
are made for homogenous lithology of geological sections, according to several models. The 
temperature maps at 100, 500, 1000, 2000, 3000 meters depths below surface, average 
geothermal gradient map, heat flow density map and geothermal zones map, are made up by 
the processed data. The maps of the Albanian territory are linked with Greek and Adriatic 
ones. 

Geothermal models rely on several regional geological-geophysical profiles. Temperature 
distributions up to 50 km depth, according to the modeling data are presented in two profiles: 
Albanid-1 (Falco Italy-Semani coastline Albania-Bilisht near of Albanian-Greek Border at 
SE part of Albania) and Albanid-2 (Falco Italy-Durres-Tirane-Peshopi NE part of Albania) 
(Frasheri et al., 2004). Results of these modelings are used to interpretat the Heat Flow 
Density Map of Albania. 

Also have been performed gothermal investigatigation of the thermal water springs and deep 
wells, and evaluated the geothermal resources of the thermal zones. The estimation of 
geothermal potential of the reservoirs is based on a volumetric heat content of the model. 

4. Geothermal regime of the Albanides 

The geothermal regime of the Albanides is conditioned by tectonics of the region, lithology of 
geological section, local thermal properties of the rocks, and Earth’s crust settings (Frasheri et 
al. 2004). 


4.1. Temperature 
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The geothermal field is characterized by a relatively low temperature gradient. The 
temperature at the depth of 500 meters depth is between 21 and 24°C. The highest 
temperatures, up to 36 °C at 1000 meters and 105.8 °C at 6000 meters depths are measured in 
Peri-Adriatic Depression wells. The same values of temperatures also are measured in some 
boreholes in the ophiolitic belt. The lowest temperature values have been measured in 
mountain regions of Mirdita zone, as well as in the Albanian Alps. In these areas are present 
an intensive circulation of cold descendings waters, of 5-6 °C temperature. The arrangement 
of isotherms fits well to the structures of Albanides. 

The described geothermal field, with relatively low values of temperature, is a characteristic 
of the sedimentary basins with great thickness of sediments. 

4.2. Geothermal gradient 

External Albanides as well as the Dinarides are characterized by a low geothermal gradient, 
(Fig. 4). 

Structural and facial lithological variations of the Ionian zone and the Peri-Adriatic 
Depression are reflected in the distribution of geothermal field. The tectonic setting of the 
region, geological section lithology, and rocks thermal properties has conditioned the 
geothermal gradient value. The largest gradients are detected in the molassic anticline 
structures of the center of Peri-Adriatic Depression (Fig. 4). The highest values of the 
geothermal gradient of about 21.3 mK.m' 1 are observed in Pliocene clay section (Fig. 5). The 
gradient decreases about 10-29 % is observed at carbonate anticline structures of the Ionian 
zone (fig.6), whereas elsewhere along this zone the gradient is mostly 15 mK.m' 1 . Extremaly 
low geothermal gradients values of 5 mK.m' 1 are observed in the Southern part of Albanides 
and in the Albanian Alps. Furthermore the gradient in these cases (Fig. 7) decreases towards 
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the zero or becomes negative, especially wherever the cold surface waters flow into the 
anticline’s limestones. Meanwhile the lowest values (7-11 mK.m' 1 ) of the gradient are 
observed in the deep synclinal belts of Ionian and Kruja zones. 

Modeling results indicate that the gradient decrease deeper takes place at depth than 20 km, 
which coincids with the crystaline basement top. 

In the Albanian Sedimentary Basin, geothermal gradient is stricts controlled by the lithology. 
Its highest values of geothermal gradient vere observed in the clay sections. Whereas 
increasing of sand content in geological section is associated with the geothermal gradient 
decrease. In the conglomerate-sandstone part of the Rrogozhina suite of Pliocene, the 
geothermal gradient is almost two times lower than in the Helmesi clay ones. 

The influence of salt diapir is also obvious; the high thermal conductivity of salt perturbes the 
isotherms. 

Over-pressures presence in the molasses section of the Albanian Sedimentary Basin has is 
dedected by a increasing of the geothermal gradient. 

Deviations from the normal trend of the above-mentioned phenomenon occur in cases of 
lateral influences. For example in the fig.8 shown that gradient reaches its smaller values in 
the lower part of the section, owning to the presence of a limestone structure beside the east of 
the Ardenica 18 well. 

Along the ophiolitic belt of the Mirdita zone, the geothermal gradient values increase up to 36 
mK.m' 1 at northeastern and southeastern part of the Albania (Fig.3). In this belt is also 
observed the existence of a lower gradient section, up to 10 mK.m' 1 . This gradient decrease is 
explained by the convection influence related to the infiltration of cold meteoric water. 

After the geothermal modeling, decreasing of the gradient is observed even deeper than 12 
000 meters under the ophiolites of Albania, at the top of the Triassic evaporate deposits. 
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4.3. Heat Flow Density: 

The regional pattern of heat flow density in Albania is presented in fig. 9, where are depicted 
three particularities of the scattering of the thermal field in Albanides: 

Firstly, the maximum value of the heat flow 42 mW/m 2 in the center of Peri-Adriatic 
Depression of External Albanides is observed. The 30 mW/m 2 isotherm is open towards the 
Adriatic Sea Shelf. Heat flow density values are lower than 25-30 mWm" 2 in Albanian Alps 
area due to the presence of a greater thickness of sedimentary contenental crust, mainly 
carbonatic one in this zone. 

In the ophiolitic belt of the eastern part of Albania, the heat flow density values are up to 60 
mW/m 2 . The contours of heat flow density give a clear configuration of the ophiolitic belt. 
The contours of 45 mW/m 2 in Northeast and 40 mW/m 2 in Southeast of Albania remain open 
toward the ophiolitic belt continuation beyond the Albanian border. While very low values of 
radiogene heat generation of the ophiolites means that increasing of the heat flow in this 
ophiolitic demonstrate heat flow transmitting from the depth. On the other hand the highes 
values of the ophiolitic belt heat flow density must belong to the small thickness part of the 
geological section down to the top of crystalline basement, and MOHO discontinuity (Fig. 2). 
Certainly the granites of the crystalline basement, with the radiogenic heat generation, 
represent the main heat source. 

In the ophiolitic belt there are observed some local hearths of higher heat flow density. Heat 
flow anomalies are conditioned by intensive heat transmition along deep and transversal 
fractures (Fig. 9). 


4.4. Paleotemperature estimations 
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Paleotemperature modeling results indicate that maximum temperatures of up to 105.3 °C 
were obtained during Upper Triassic-Lower Oligocene age in the Albanian Sedimentary 
Basin. In these paleotemperature conditions has taken place the thermal maturation of the 
organic matter of carbonate formation, which has entered into oil window. Upper Triassic up 
to the Lower Oligocene age formations of the Albanian sedimentary Basin represent the 
section of the first phase of the hydrocarbon generation of condensate, oil and gas. Later, 
during the Middle-Upper Oligocene and Miocene, the carbonate section was plunged at 
greater depth, where the temperature ranges maximum to 250 °C. This geothermal regime has 
created the thermal conditions for the phase of the methane generation. 

Maximal temperatures up to 122. 8°C, with a geothermal gradient 1.67 mK/m and heat flow 
density ranges 39.8-41.2 mW/m 2 during the Middle and Upper Miocene have created the 
thermal conditions for maturing the organic matter of the molasses formation. Good thermal 
conditions for maturing of the organic matter exist also in the Pliocene section. Actually, by 
the general interpretation the oil of molasses section is correlated with the source rocks of the 
carbonate section. The molasses oil traps generally are located transgresively over the eroded 
top of the limestone anticlines. The hydrocarbon migration has taken place through this 
eroded surface. Thermal regime of the Middle-Upper Miocene, with the temperatures up to 
122. 8°C and heat flow density 41.2 mW/m 2 , creates the possibilities of molasses to entire into 
oil window and organic matter to be able also for the oil generation. 

4.5. Geothermal Zones 

Large numbers of geothermal energy of low enthalpy resources are located in Albania. 
Thermal waters of a temperature that reach values of up to 65.5 °C are sulphate, sulphide, 
methane, and iodinate-bromide types. The geothermal energy comes through seismoactive 


14 



463 


deep longitudinal NW-SE and transversal fractures of the Earth crust in the Albanides that 
have desected the mantel (Fig. 11). According to the calculation of different geo- 
thermometers, the geothermal aquifer estimated temperatures ranges from 144 to 270°C, 
while, the geothermal modeling, suggests that thermal waters rises from 8-12 km depth 
section, where temperature attains to 220°C. 

Thermal sources are located in three geothermal zones (Fig. 10): 

Kruja geothermal zone is the area of the biggest geothermal resources in Albania, with a 
length of 180 kilometers and a width of 4-5 kilometers. It starts on the Adriatic coast 
northwest of Tirana and continues southeast to Albanian-Greek border. The Kruja geothermal 
area represents an anticline structure chain. Geothermal energy resources are controlled by 
western regional thrust tectonics of the Kruja tectonic zone. Geothermal aquifer is represented 
by a karstified carbonate formation with numerous fissures and microfissures. In a regional 
view, limestones plunge down to 10 km, where they overlie Permian-Triassic evaporitic 
formation. In these depths, the temperature ranges between 120-150°C. Surface springs water 
temperatures in the Tirana-Elbasani northern subzone vary from 60°C to 65.5°C, and yields 
for long periods of time, some 3.5 to 15 1/sec. Hot water is stronglu mineralized, salt 
concentration range from 4.6 to 19.3 g/1. 

In the southern subzone, thermal water flows out from the contact between the Eocene 
fissured and karstified limestones and the flysch section. Waters temperature is 27.6-29 °C 
and yield 70-80 1/sec. These waters are poor in H 2 S and C0 2 and 7-9 times less mineralized 
than waters from the Tirana-Elbasani subzone. 

The most important geothermal resources are located in the northern half of Kruja 
Geothermal Area. The heat in place (H 0 ) is 5.87 x 10 18 - 50.8 x 10 18 J, identified resources 
(Hi) are 0.59 x 10 18 - 5.08 x 10 18 J, while the specific reserves ranges between values of 38.5- 


15 



464 


39.6 GJ/m 2 . The southern subzone has lower concentration of resources 20.63 GJ/m 2 , while 
geothermal resources amount to 0.65 x 10 18 J. 

Ardenica geothermal zone is located in the coastal area of Albania. It comprises several 
molassic-Neogenic brachyanticlines and deep carbonatic structure. At the surface, the 
boreholes discharge waters at temperatures of 32-67 °C. Thermal water is Ca-Cl type. The 
Ardenica reservoir heat in place is of 0.82 x 10 18 J. Resources density varies from 0.25-0.39 
GJ/m 2 . 

Peshkopia geothermal zone is located in the Northeast of Albania where waters of 43.5 °C 
flow out of a group of thermal springs. Some of the springs yield flow rates up to 14 1/s. The 
occurrence of these springs is condicioned by a deep fault at the periphery of a gypsum diapir 
of Triassic age that has penetrated the Eocene flysch. The thermal waters are of sulphate- 
calcium type, with a mineralization of up to 4.4 g/1, and 50 mg/1 H 2 S. Geothermal resources of 
Peshkopia Area have been estimated similar to those of Tirana- Elbasani area. 

5. Geothermal phenomenon and Adriatic Sea hydrography 

Epicenter of the heat flow density anomaly at the Adriatic Sea bottom (Fig. 12) (Geothermal 
Atlas of Europe 1992) is located at southwestern prolongation of the Scutary-Pec regional 
transversal tectonic accros the Albanides onshore onto Adriatic offshore. According to the 
paleomagnetic study results, the Scutary-Pec lineament forms the transition between two 
zones: the Albanian Alps and Dinarides with counterclockwise rotation to its north and the 
Albanides and Hellenides with clockwise rotation to its south (Mauritsch, 2000). Offshore 
prolongation of Scutary-Pec transversal correspond also with the "The Bridge" of continental 
water with high temperatures, low salt content and density of the seawaters in the Adriatic Sea 
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observed by Albanian Oceanographic Expeditions during the wet years (Pano, 1994) (Fig. 
13). 

6. Conclusions 

1 . Heat flow density distribution arguments block character of the crystalline basement in the 
Albanides. Depth location of these blocks is smaller in the Mirdita zone of the Inner 
Albanides than in the External Albanides. 

2. Albanian Sedimentary Basin by relatively low temperatures at depth is characterized. The 
temperature reaches only 105.8 °C at the depth of 6000 m. 

3. The geothermal gradient value in the External Albanides ranges between 7-11 mK/m and 
21.3 mK/m. This gradient increases to 36 mK/m, in the ophiolitic belt of Inner Albanides. 

4. The heat flow density is about 42 mW/m 2 in the center of the Pre- Adriatic Depression and 
up to 60 mW/m 2 , east of the ophiolitic belt. 

5. Tectonics setting of the region and lithology of geological section condition their 
geothermal gradient value. 

6. Local anomalies of the great heat flow density in some ophiolitic areas are interpreted as 
presence of the deep transversal fractures. 

7. The geothermal reservoirs are located along the seismically active belt. 

8. Afret paleotemperature investigations, depth of the Albanian Sedimentary Basin has 
perspective for the methane reservoir discovery. 

9. Interpretation of the paleogeothermal regime of the Albanian Sedimentary Basin offers new 
possibilities to discover oil pools in the Miocene molasses suitable traps, which don’t contact 
directly with the eroded limestone sections. 
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10. Direct use of the low enthalpy geothermal energy resources in Albania, as an alternative 
of the environmental friendly energy, is based on important geothermal reserves in the 
Albanides. 
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Fig. 1. Bouguer gravity map of Albania (Bushati, 1988). 
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Fig. 2. Geological-geophysical regional profile Albanid-2: Falco Adriatic Sea- Durres-Tirana- 
Peshkopi (Gravity data for the Adriatic Sea after Richetti, 1980). 

1- Serravalian- Pliocene Molasses (N 2 2S -Ni P 1 ); 3- Paleogene flysch (Pg 3 ) and molasse; 

3- Carbonate facies; 4- Ultrabasic rocks; 5- Evaporitic rocks; 6- Crustaline Basement; 

7- The basalt Earth crust; 8- Upper mantle; 9- Depth up-rupt; 10- Disjunctive 
tectonics; 11- Rocks density, in g/cm 1 * 3 ; 12- Temperatures, in °C; 13- Deep well; 14- 
Bouguer anomaly; 15- Total magnetic field anomaly; 16- Heat flow density anomaly. 
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Fig. 3. Regional reflection seismic in line in Ionian and Peri- Adriatic Depression. 
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Fig. 4. Average geothermal gradient map of Albania. 
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Fig. 9. Heat flow density map of Albania. 
























KOSOVO 


t 5HK0DRA 


KUKES 


PESHKOPi, 


BULQIZA 


iASANI 


.USHNJA Llixh; 


KORCA 


\ OKapaj 
raSeienit* 


Kr lisetolfe: 2ww 


Seodemji Same* 
a iprng 


Teetofw Frartur* 


PERMETIB 1 
JIROKASTRA^'* 


OwtHemwl Resources 


ternperalynp 

0 iK-4ffC 
Q4W-STC 
O 0j^-7Cr*i: 


Sarandc 


G KERCH 
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Fig. 13. Temperature in the “The Bridge” of continental water in the Adriatic Sea 

( Pano N. 1994). 
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ALBANIDES A TYPICAL PART OF THE ALPINE MEDITERRANEAN 
FOLDED BELT, IN THE LIGHT OF THE GEOPHYSICAL STUDIES 

Alfred FRASHERI 1 , Salvatore BUSHATI 2 
1 Polytechnic University of Tirana, Faculty of Geology and Mining, Tirana, Albania. 

2 Academy of Sciences of Republic of Albania, Tirana, Albania 

The Albanides represents the assemblage of the geological structures in the territory of Albania. In 
the paper are presented the structural analysis of the Albanides according to the seismological, 
reflection seismic, gravity, magnetic, electrical, and geothermal surveys. Two major 
peleogeographic domains form the Albanides. The Internal Albanides formed part of the 
Subpelagonian Trough. The External Albanides was developed out of the western passive margin 
and continental shelf of the Adriatic plate. Regional gravity anomalies and seismological studies 
results are interpreted as caused by the variation of the depth of Moho discontinuity, and a block 
construction of the crust. The Earth crust in Albanides is interrupted by a system of longitudinal 
fractures in NW - SE direction and transversal fractures. Intensive Bouguer anomalies and turbulent 
magnetic field with weak anomalies characterize ophiolitic belt of the Internal Albanides. These 
data show about the allochton character of ophiolites. The relations between the Internal and the 
External Albanides have a nape character, going toward S-W. A joint characteristic of structural 
belt of Ionian and Kruja zones in External Albanides is their westward thrusting, too. Two tectonic 
styles are observed in the Ionian tectonic zone: duplex and imbricate tectonic. Miocene and 
Pliocene molasses of Peri- Adriatic Depression cover Western part of Ionian zone. 


Interpretation of the results of integrated geophysical surveys, in the framework of geological 
studies is presented in the paper. 


INTRODUCTION 


Integrated regional geophysical studies have been performed for exploration of the Albanides, on 
land and in the Adriatic Sea Continental Shelf. Seismological studies, gravity and magnetic surveys, 
reflection seismic lines, geothermal studies, radiometric investigations, vertical electric soundings 
and well logging are represented applied complex of the geophysical investigation. Interpretations 
of the geophysical studies result have realized on the base of regional geological studies. Only part 
of all regional geophysical and geological literature, which we have consulted, is presented in the 
reference paragraph. 


The Albanides represents the assemblage of the geological structures in the territory of Albania, and 
together with Dinarides at the North and Hellenides at their South are formed the southern branch of 
the Mediterranean Alpine Belt (Fig. 1), (Aubouen. and Ndojaj, 1964, Aubouen 1973, Bi§oku and 
Papal965, Bigoku 2000, Bushati 1988, Frasheri et al. 1998, I.G.S. 1983, 1985, Me§o and Aliaj 
2000, Melo, 1986, Papa 1970). In the paper are presented the structural analysis of the Albanides 
according to the seismological, reflection seismic, gravity, magnetic, electrical, and geothermal 
surveys, in the framework of the integrated interpretation with geological observations. 
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Fig. 1. Schematic Map of African Plate Subduction under the Euroasiatic one 
(After Ricou, El. 1986) 

1- Euro- Asiatic Continent; 2- African continent; 3- Kishir block; 4- Presents Oceanic 
Basins; 5- Boundaries of Mesozoic Oceans; 6- Boundaries of Mesozoic Ocean and the 
Main Ophiolitic Nappes; 7- Troughs of present and past subduction. 


Two major peleogeographic domains form the Albanides: the Internal Albanides in the eastern part 
and the External Albanides in the western part of Albania (Fig. 2). 


The Internal Albanides formed part of the Subpelagonian Trough. The Internal Albanides are 
characterized by presence of the immense and intensive tectonised ophiolitic belt, which is 
displaced from east to west as overthrust nappe. Internal Albanides has been affected by the 
paleotectonic stage. There are two viewpoints about the placement of the ophiolites: Allochtone 
character of the ophiolitic nappe (Auboin 1973, Cadet et al. 1980, £ollaku et al. 1992, Frasheri et al. 
1995, 1996, Frasheri 2000, Hoxha et Bushati 1996, Hoxha 2001, Hoxha et Avxhiu 2000, Lubonja et 
al. 1968, Langore et Bushati 1985, Melo 1986, Papa 1993, Qirinxhi 1970, Veizaj and Frasheri 
1996) and autochthon ophiolitic belt (Beccaluva et al. 1994, Gjata et al. 1999, Gjata 2000, Kane et 
al. 1999, Kodra 1987, 1988, Kodra al. 1996, 2000, Robertson and Shallo 2000, Shallo et al. 1989). 
Tectonic development of the Internal Albanides has been during Triassic and Jurassic (Kodra A. 
1987). 


2 


485 


jggL ROM E 2008 

jf fTTTl ■ 1 LEVERAGING TECHNOLOGY 

/tttTTTTTV 



■ 

[ Kc | 

[~kH 

~~j ~ 

ra 

| UFA | 


Korabi 


Mirdita 


Gashi 


Gropat 
molasike le breoshme 
Molasse Interdeep 

AL0ANFDET# JASHTME 
EXTERNAL ALBANlDES 


Ko 

Mr 

G 

GMB 


KOSOVA 

KOSOVO 


£ 7 

z O 

O £ 

" m 

« * 
O' < 
< S 


* . 

“ a 

a ^ 




* < 

< « 

^1 
s * 


GREQIA 

GREECE 


zonat TEKTONIKE 
TECTONIC ZONES 

ALBANIDET 6 BRENDSHME 
INNER ALBAN IDES 


Alpet / Alps 


Krasta-Cukali , A 


Kruja 

Jon ike / Ionic 
Sazan i 


Uitesira Pranadnalike 
Pre -Adriatic Depression 


Shkalla 

Scale 1; 1,500, 000 




Fig. 2. Schematic Tectonic Map of Albania. 


486 


j&L ROM E 2008 

MW* ■ I LEVERAGING TECHNOLOGY 

/tttTTTTTV 

The External Albanides was developed out of the western passive margin and continental shelf of 
the Adriatic plate. The External Albanides are affected only by the later paleotectonic stages, and 
are characterized by regular structural belts, which are associated with thrust and over tectonic. 
Geophysical data reveal that the Earth crust becomes thicker from central regions of Adriatic 
towards Albanides in land (Bare et al. 1996, Dalipi 1985, 1987, Dhima et al. 1996, Guri et al. 1996, 
Mehillka et al. 1996, 1999, Nishani 1985, Papa et Kondo 1968, Seitaj et al. 1996, Valbona et al. 
1997, Velaj 1999, Xhufi et al. 1999). 


The sedimentary crust has 8-9 km thick in Adriatic seashore and reaches up to 15 km in 
northwestern regions of Albania (Fig. 3), (Frasheri et al. 1998, 2000, Ko§iu 1987, Veizaj 1995, 
Veizaj and Frasheri 1996. The depth of Moho discontinuity is 40 -50 km. Its deepest part is in 
northwestern part of Albania. Regional gravity anomalies are interpreted as caused by the variation 
of the depth of Moho discontinuity, and a block construction of the crust, which coincides fully with 
the results of seismological studies (Fig. 3, 4). The Earth crust in Albanides is interrupted by a 
system of longitudinal fractures in NW - SE direction and transversal fractures, that touch even the 
mantel. Some of them separate even the tectonic zones. This tectonic construction of the deep levels 
of the earth crust in Albanides finds its reflection even in the scattering of the magnetic fields. 


Geological and geophysical regional studies, based on facial-structural criterion, were distinguished 
some tectonic zones (Fig. 2): 
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Intensive Bouguer anomalies and very turbulent magnetic field, with weak anomalies (Bushati 
1988, 1997) (Fig. 5, 6, 7), characterize ophiolitic belt of the Mirdita tectonic zone in Internal 
Albanides. These data shows as follow: Ophiolitic belt has its biggest thickness is about 14 km in its 
northeastern extreme, in the ultrabasic massif of Kukes (Fig. 8, 10, 11, 12). Towards west and 
southeast this thickness is reduced up to 2 km. This interpretation shows allochthon character of 
ophiolite belt and the covering character of the western contact of ophiolitic belt, under which the 
formation of Krasta-Cukal zone of External Albanides is laid. The relations between the Internal 
and the External Albanides have a nape character, going toward S-WW direction. The separation of 
the gravity and the magnetic anomalous belts in the central region of the Internal Albanides, at 
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Shengjergji flysch corridor, are arguments the presence of Diber -Elbasan - Vlora transversal. This 
transversal has played a significant role in the geology of Albanides (Fig. 4; 5; 6, 7). 
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Fig. 3. Geologic structure of Earth’s Crust and Upper mantle based on 


seismological studies (data taken from Kogiu S. 1989). 


The numbers given in legen show the velocity of the seismic waves, in km/s). 


1- Sedimentary Crust; 2- Consolidated crust; 3- Granite Crust; 4- Basalt Crust; 5- Upper 
mantle; 6- Asthenospehere; 7- BK Crystal Basement; 8- Moho Discontinuity. 
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A joint characteristic of structural belt of Ionian and Kruja zones in External Albanides is their 
westward thrusting too (Fig. 8, 10, 11, 12). The thrusting process is helped by the presence of the 
Triassic evaporite sheet under the carbonate section. According to the integrated geological- 
geophysical studies and deep wells data results that two tectonic styles are observed in the Ionian 
tectonic zone: duplex and imbricate tectonic. Traversal tectonic faults have separated the Ionian 
basin in several blocks. Interpreting the limestone top of the south Adriatic basin and Sazani, Ionian 
and Kruja zones are observed that the southern Adriatic basin limestone partly is extended under the 
last units. Peri-Adriatic Miocene and Pliocene mosaic deposits cover the Sazani, Ionian and partly 
Kruja tectonic zones. This Neogene molasses is placed trangressively over the oldest ones up to the 
limestone of the Ionian zone, creating a two-stage structure (Fig. 20). The molasses post-orogenic 
deposits were covered transgressively Mirdita and partially Krasta - Cukali tectonic zones in Kor§a 
and Burreli basins. 


EARTH CRUST CONFIGURATION 


Seismological studies and gravity and magnetic survey data have reflected the Earth Crust 
configuration (fig. 2; 3; 4, 8 and 21), (Aliaj. 1987, Arapi 1982, Bushati 1988, 1997, Chiappini et al, 
1996, Duka et al, 1991, Frasheri et al. 1998, 2000, Ko§iu 1989, Langora et al. 1983, Lubonja et al. 
1968, Fulo et Bushati 1999, Sulstarova 1987, Veizaj 1995, Veizaj et Frasheri 1995. The structure of 
the Earth Crust according to the refraction seismic is presented in fig. 2. Rocks with a seismic wave 
velocity of 5.9- 6.2-km/sec present lower layer of the sedimentary crust. These rocks have a much 
consolidated structure. The regional gravity trend in Albanides is reflected in the influence of the 
Moho discontinuity. From Eastern part of the Albanides to the Adriatic Sea Shelf, generally it is 
observed an increasing of the gravity force (Fig. 5, 8 and 21). In the geological-geophysical profiles 
Albanid 1 and Albanid-2 (Fig. 8 and 21) is presented the decreasing of the depth of roof of the 
Moho discontinuity of the Adriatic Sea region. The Moho discontinuity plunges from 25 km in the 
central part of the Adriatic Sea (Finetti. and Morelli, 1972) to 43- 52 km at eastern part of 
Albanides. According to the interpretation of the magnetic regional anomalies resulted that top of 
the crystal basement plunged toward the littoral of the Albanides up to central areas of the Albania 
(fig. 8 and 24). 
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In the Albanides are fixed four third order trend of Bouguer anomalies of the low order: two 
maximums two minimums (Fig. 5, 6). Main gravity maximum is extended over the northeastern 
part of Mirdita tectonic zone and that of Korabi. Second maximum is located at Vlora district, in 
southwestern part of Albania. It is very important observation that this maximum has a strike sub- 
transversal with geological structures of the Ionian tectonic zone. These regional gravity maximums 
are attributed to a crust thinning toward the Mirdita tectonic zone and in Vlora district (Fig, 8, 21). 
The same phenomenon is observed in the south of ophiolitic belt of Mirdita tectonic zone to the 
Hellenides (Cadet et al. 1980). Main gravity minimum is extended from southeastern region of 
Albania to the northwestern littoral of Albania. Second minimum is located at Alps tectonic zone, 
by a strike in the SE-NW direction. 


These anomalies are interpreted as caused by the vacillation of the depth of roof of Moho 
discontinuity, and reveal a block construction of the crust, which coincides, fully with the results of 
seismological studies (fig.2). This tectonic construction of the deep levels of the earth crust in 
Albanides finds its reflection even in the scattering of the magnetic fields (fig. 7). 


The Earth crust in Albanides is interrupted by a system of longitudinal fractures in NW - a SE 
direction and transversal fracture that touch the mantel (fig.6). Some of them separate even the 
tectonic zones. With deep fractures are linked geothermal energy of the Albanides. According to the 
geothermometer data results that the water temperature reaches to 220-270oC, in the primary 
reservoir, where the water has been heated, at the depth 12-13 km. 

Earth crust setting of the Albanides conditioned the distribution of the geothermal field and energy. 
In the Heat Flow Density Map of Albania are observed two characteristics (Fig. 9) (£ermak et al. 
1996, Frasheri 1993, 2000, Frasheri et al. 1995; 1998, 1999): 


Geothermal gradient changes from western to the eastern part of the Albania, and in the depth, too. 
The gradient values vary from 15-21.3 mK/m in Pre- Adriatic Depression. According to the 
modeling results, deeper than 20 km is observed decreasing of the gradient. This change of the 
gradient is coincided with the top of the crystal basement. In the ophiolitic belt of the Inner 
Albanides, the geothermal gradient at northeaster and southeastern part of the Albania has a value 
up to 36 mK/m. Decreasing of the gradient are observed deeper than 12 000 meters in this side of 
Albania, at the top of the Triassic salts deposits (fig. 8). In the both lines are observed that the 
temperatures in ophiolitic belt are higher than in the sedimentary basin, at the same depth. 
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In the Heat Flow Density Map of Albania (fig. 9), is possible to observed two particularities 
of the scattering of the thermal field of the Albanides: 

Firstly, 42 mW/m 2 is maximal value of the heat flow in the External Albanides. At the 
eastern part of Albania, the heat flow density values are up to 60 mW/m 2 . Radiogene heat 
generation of the ophiolites is very low. In these conditions, increasing of the heat flow in the 
ophiolitic belt, are linked with heat flow from the depth. According to the Alb-1 line, the granites of 
the crystal basement, which have the possibilities for the great radiogenic heat generation represents 
the heat source. In ophiolitic belt, is observed decreasing of the Moho discontinuity depth. 

Secondly, in the ophiolitic belt are observed some hearth of higher heat flow density. Heat 
flow anomalies are conditioned by intensive heat transmitting through deep and transversal 
fractures. These fractures are conditioned location of the geothermal energy sources. According to 
the calculation of different geothermometers, the aquifer estimated temperatures are 144 to 270°C. 
Based on the geothermal modeling, one can suppose that thermal waters rise from 8-12 km deep, 
where temperature attains to 220°C. 

These arguments show that crystal basement has a bocks character. Depth of the location f 
these blocks is shallower in Mirdita tectonic zone. Local heat hearths show the existence of the 
transversal fractures and through these fractures is very high heat flow. Geothermal energy 
is linked with great heat flow through these fractures. 


The crust setting and their dynamics are reflected in the geology of the tectonic zones of the 
Albanides, and their tectonic styles. 
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Fig. 4. Bouguer Gravity Map of Albania. 
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Fig. 5. The Complex Tectonic Map and map of the trend of 3 rd degree of Bouguer 
Anomaly in the Albanides. 

1- Peri-Adriatic Depression; 2- Ionian Zone; 3- Kruja zonw; 4- Krasta-Cukali zone; 5- 
Sazani zone; 6- Mirdita zone; 7- Korabi zone; 8- Gashi zone; 9- Albanian Alps zone; 10- 
Vermoshi zone; 11- trend of 3 rd degree of Bouguer Anomaly; 12- Boundary between 
shelf and continental slope; 13- The axes of the up-left and down-left of the Mante; 14- 
Boundary of the Peri-Adriatic Depression with angular discordance; 15- Normal fault; 
16- Pressure; 17- Limit of deformed envelopment during the neotectonic period; 18- 
Overthrust; 19- Flexure; 20- Flexure and faults based on geophysical data; 21- Inactive 
overthrust; 22- Compression (a) and (b) extension zones; 23- Deep faults. 
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40 - 


Fig. 6. The Complex Tectonic Map and axes of the Bouguer anomaly in the 


Albaniedes and in continental plate of the Adriatic Sea. 

1- Peri-Adriatic Depression; 2- Ionian Zone; 3- Kruja zonw; 4- Krasta-Cukali zone; 5- 
Sazani zone; 6- Mirdita zone; 7- Korabi zone; 8- Gashi zone; 9- Albanian Alps zone; 10- 
Vermoshi zone; 11- The axes of the Bouguer Residual Anomalies, positive (a) and 
negative (b); 12- Isoanomals of the Bouguer Anomaly in the Adriatic and Ionian Sea 
(after Morelli C et al. 1969); 13- The axes of the up-left and down-left of the Mante; 14- 
Boundary of the Peri-Adriatic Depression with angular discordance; 15- Normal fault; 
16- Pressure; 17- Limit of deformed envelopment during the neotectonic period; 18- 
Overthrust; 19- Flexure; 20- Flexure and faults based on geophysical data; 21- Inactive 
overthrust; 22- Compression (a) and (b) extension zones; 23- Seismogene deep up-rupt; 
24- Isobaths of the water depth, in meters. 
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Fig. 7. The Complex Tectonic Map and Total Magnetic anomalies in the Albanides and in 


Adriatic Sea continental plate. 

1- Peri-Adriatic Depression; 2- Ionian Zone; 3- Kruja zonw; 4- Krasta-Cukali zone; 5- 
Sazani zone; 6- Mirdita zone; 7- Korabi zone; 8- Gashi zone; 9- Albanian Alps zone; 10- 
Vermoshi zone; 11- Isoanomals of residual total magnetic anomalies; 12- Boundary 
between shelf and continental slope; 13- Normal faults; 14- Boundary of the Peri- 
Adriatic Depression with angular discordance; 15- Pressure; 16- Limit of deformed 
envelopment during the neotectonic period; 17- Overthrust; 18- Flexure; 19- Flexure and 
disjunctions based on geophysical data; 21- Inactive overthrust; 22- Depth seismogenic 
up-rupt. 
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Fig. 8. Geological-geophysical profile Albanid-2: Falco Adriatic Sea- Durres- 

Tirana- Peshkopi (The gravity data for the Adriatic Sea after Richetti, 1980). 

1. Pliocene Sustratum; 2- Substratum of Serravalian Molasses; 3- Paleogenic flysch (Pg 3 ) 
and molasses over the limestone; 4- Flysch of the Mastrichtian (Cr m i), Lower and 
Middle Paleogene (Pgi- 2 ); Old flysch of Jurassic (J) and middle Cretaceous (Cr 2 ); 6- 
Carbonatic facies divided by the tectonic zones; 7- Ultrabasic rocks; 8- Disjunctive 
tectonic; 9- Depth up-rupt; 10- Top of chrystal basement; 11- The basal of the Earth 
Crust; 12- Moho Discontinuity’ 13- Focus nodal plan of the earthquakes in the Kavaja 
region, western Albania; 14- Seismic reflection; 15- Deep well. 

Ge.r Trend of 2 nd degree of Bouguer anomaly; Ge,r Residual Bouguer anomaly; 

T t - Trend of the 2 nd degree of total magnetic anomaly; T r - Residual of the 2 nd 

degree of total magnetic anomaly; T 0 - Observed magnetic anomaly; 
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Fig. 10. Geological-geophysical Shkoder-Kukes profile. 

1- Effusive rocks; 2- Ultrabasic rocks; 3- Gabbro; 4- Sedimentary formation; 5- 
Disjunctive tectonic. 
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Fig. 11. Geological- geophysical profile: Adriatic Sea- Vrith 
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Fig. 12. Geological-geophysical profile: Shengjin- Vrith. 
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Fig. 13. Geological-geophysical profile: Tirana- Bulqize- Shupenze. 

1- Terrigeneous Tortonian Deposts; 2- Paleogene flysch deposists; 3- 

Upper Cretaceous-Paleogene Limestone; 4- Titonian- lower Cretaceous flysch deposits; 5- 

Upper Triassic- lower Triassic limstone; 6- Radiolaritic limestone with silic radiolarities; 7- 

Ultrabasic rocks; 8- Effusive rocks; 9- Limestone with siliceous of midle Triassic- lower 

Jurassic; 10- Overthrust plave; 11- Up-rup tectonic; 12- Electrical sounding centers; 13- 

Unconformity surface; 14- Bouguer anomaly; 15- Magnetic anomaly; 16- Electrical 

sounding resistivity curve. 
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INTERNAL ALBANIDES 

The tectonic zones of the Internal Albanides are extended in eastern part of Albania. 


1. KORABI zone (K) continues in Pelagonian zone in Hellenides and Golia zone in Dinarides. In 
Korabi zone the field of Bouguer anomaly is normal and this reveals that the structures are of low 
orders (Fig.4). The quiet gravitational zone of Korabi in the west is in contact with the anomalous 
zone laid over the ophiolites of Mirdita tectonic zone. The contact between Korabi and Mirdita zone 
has coincides with the deep seismogene structure Ohrid- Qarishte-Qafe Murre-Kukes. 

In this zone the oldest formations of Albania are present, and are represented by sanstones, 
schistose coglomerate and metamorphic limestone of Silurian, Devonian and Carboniferous ages, 
and sandstone-conglomerate and anhydrite of lower Permian-Cretaceous age. In some places there 
are also some volcanic and subvolcanic rocks with basic and acidic-alkaline contents. In the Korabi 
zone, some folds, thrust fault and cover rocks are presented. 

2. MIRDITA zone continues with the Subpelagonian zone in Hellenides and Serbian zone in 
Dinarides. This zone represents a wide belt along the whole length of the country, from 
northeast to southeast. During the different orogenic phases, three tectonic units were formed in 
Mirdita zone. The lower tectonic stage is made up of ophiolites. Ophiolitic belt is characterized 
by intensive anomalies of the Bouguer anomaly and by a magnetic field with weak anomalies, 
that are very turbulent (fig. 5, 6, 7, 8, 10, 11, 12, 13). 

There are three characteristics of this anomalous belt: 

- Firstly, they are divided in two parts, in the north and south of Shengjergji flysch’s corridor; 

- Secondly, five gravity maximums, with epicenters which are set after one another in a chain 
according to the anomalous chain from Tropoja-Kukesi ultrabasic massif in the north-east part of 
Albania to the Morava massif at south-eastern area. The anomalies have maximal amplitude up to 
105 mgal and are separated with strong gradients. In the northern part, the anomalous belt takes a 
powerful turn of 60°-70° in the form of northern-astern-ward direction going to the Dinarides 
ophiolitic belt. 

- Thirdly, the biggest amplitudes of the anomalies are located over the northern part of ultrabasic 
massifs of the eastern belt. The southern part of the Albanides ophiolitic belt has a more limited 
thickness and it keeps developing southwards in Hellenides. 

Falko-Tirana-Bulqiza profile interrupt transversally all the tectonic zones of Albanides (fig.8, 13). 
In this profile is presented clearly that the transversal profile of Bulqiza ultrabasic massif is 
asymmetrical. The thickest part of the massif, about 6 km. 

The dip towards west of the eastern board of Bulqiza massif is proved by two vertical electrical 
soundings. According to these soundings, up to the depth of 2500 m, there are not observed high 
resistivity rocks, which can be identified with the ultramaphic rocks. (Fig. 13). 

The separation of the anomalous belts of the gravity and the magnetic forces in the Shengjergji 
flysch’s corridor, bringing evidence for the presence of Diber -Elbasan - Ylora transversal fracture, 
which has played a significant role in the geology of Albanides. In Shengjergji flysch corridor no 
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magnetic anomalies are fixed, which would testify absence of the presence of ultrabasic rocks in the 
east of massifs margins and under the flysch deposits (fig. 14). The Bouguer anomaly in this region 
is due to the presence of limestone anticline under the flysch. Vertical electrical soundings have 
revealed that flysch deposits have a thickness of 2000 - 2500m. 

Ophiolitic belt has its biggest thickness is about 14 km in its northeastern extreme, in the 
ultramaphic belt of Kukes. Towards west and southeast this thickness reduced to 2 km (Fig. 10) 


AT 

nT 



A« 





Fig. 14. Geological-geophysical profile through Peleogene and Cretaceous flysch 


exposures of Okshtun window. 


Abbreviations: T- Triassic; J- Jurassic, Cr- Cretaceous, Pg- Paleogene. 


The northwestern sector of the ophiolitic belt is extended in the east of Shkodra town (fig. 10, 11, 
12). The intensity of gravity and magnetic fields forces is reduced from seashore towards the east. 
The amplitude of the gravitational anomaly over the Gomsiqe ultrabasic massif is 12 mGal, 
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which is four times smaller than in the anomalies in the eastern belt of ultramaphic massif. This 
proves the small thickness of western part of the ophiolitic belt. As it is seen from the graphic of the 
magnetic anomaly presented in the profile, shows that the ophiolites contact here dips in eastern 
direction with an angle about 45°. 

This interpretation is presented the argument about the covering character of the western contact of 
ophiolites belt in Mirdita zone, under which the formation of Krasta-Cukal zone is laid. This 
geological setting of the nappe character of the ophiolitic belt explains also the fact that, between 
Mirdita and Krasta-Cukali tectonic zones, the seismological studies have not proved the presence of 
any deep fracture. 


During the tarditectonic- neotectonic stages are formed internal neogenic depressions. According to 
electrical soundings, carry out in Burreli fosse; result that neogene molasses have a thickness about 
1500 m in the northern part of the basin (fig. 15). Under it there lies a geoelectrical layer with high 
resistivity which is identified with ophiolites. Under the ophiolites there is extended a layer with 
resistivity 100 Ohmm and thickness 500m. This layer is placed over rocks with high resistivity. 
This interpretation leads to the opinion those volcanoes- sedimentary formation lies over Triassic 
limestone. The seismic profile through this basin shows that under neogene deposits there lays a 
belt without seismic reflections, which is interpreted as linked with the ophiolitic formation. Under 
them, there lies a section with many horizontal seismic reflections, which testifies the presence of 
stratified section (fig. 16). The seismological studies show that is observed inversion of the waves 
velocity dissemination in Mirdita zone (fig. 17). 



Fig. 15. Geoelectrical profile: Klos-Prosek over the Burreli Neogenic Fosse. 

Quaternary gravel and conglomerate; 2- Detritic-argillaceous pack; 3- Sandstone- 
conglomerate; 4- Volcanic rocks; 5- Volcanogenic sedimentary pack; 6- Limestone; 


22 


505 


j&L ROM E 2008 

jf fTTTl ■ 1 LEVERAGING TECHNOLOGY 

/tttTTTTTV 

All this proves that the ophiolitic belt of the Albanides is genetically unique and tectonically split 
into two subbelts along its length. Geophysical data are represented the arguments for overthrust 
character of ophiolitic belt. 



Fig. 16. Reflection seismic line in the Burreli Neogenic Fosse. 



Fig. 17. Inversion of seimic P waves velocity from seismologic data (After Kogiu S., 1989). 
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3. GASHI zone (G). Beyond its border it continues into the Durmitori zone of the Dinarides. This 
zone includes metamorphic rocks, terrigeneous rocks, limestone, metamorphic volcanites, basic 
intermediate and acidic rocks. 


EXTERNAL ALBANIDES 

The tectonic zones of the External Albanides are extended in western part of Albania. 

1. ALPS zone (A). Analogue with Pamas zone in Hellenides and it continues with High Karst in 
Dinarides. In this zone the sandstone and the conglomerates of Permian are the oldest rocks. In 
general, Alps represents limestone monoclines, combined with smaller anticlines. A regional 
gravity minimum is extended in the Alps zone. Local gravity maximums are extended over the 
carbonatic structures (Fig. 18). 


[rfiHaU 



Fig. 18. Geological-geophysical profile: Alps-Cukali-Mirdita zones, over the 


Shkoder- Peje Transversal. 
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2.KRASTA-CUKALI zone (K - C) continues in Pindos zone in Hellenides and Budva zone 
of the Dinarides. Krasta subzone lies like a narrow belt from Shkodra City in northwest region of 
Albania to Leskovik City at southeast region of Albania. This is an intermediately zone between the 
Internal and External Albanides. The longitudinal profile passes through the northwestern margin of 
ophiolitic belt, through Cukali and reaches to the Albanian Alps, interrupting Shkoder-Peje 
transversal (fig. 18). Residual Bouguer anomaly has a monotonous increase in the southeastern part 
of this profile. This increase may be caused by: 

Firstly, the increase of the thickness of the limestone formations of Triassic up to Cretaceous 
towards the border of Cukali and Mirdita zones. 

Secondly the probability of existence in this zone of ophiolitic rocks covered by the formations of 
Cukali. 

Thirdly the presence of Paleozoic formations with big density near the earth surface in this sector. 

3. KRUJA zone (K) continues with Dalmate zone in Dinarides and in the south by Gavrova zone of 
the Hellenides. According to the seismic data in the central regions of Kruja zone, are noticed 
reflection in the seismic sections in 2.3-2.5 seconds which is partially parallel with the above 
reflections, identified as limestone roof of the structures of Kruja zone (fig. 19). Basing on the nature 
of reflections and the data of the neighboring countries they may be connected with the roof of 
Jurassic-Cretaceous salts. Secondly, a deep overthrust regional disjunctive tectonic may pass. In 
this case, terrigene (flysch) section would lay under 2-2 reflection and going deeper we would 
expect new carbonate structures with perspectives for oil and gas discovery. 



Fig. 21. Reflection seismic line in the Tirana Neogenic Depression. 
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4. IONIAN zone (Io) continues with the same name beyond borders in Greece. The Ionian zone 
occupies the southwestern part of Albania with SE-NW axis. This is the biggest zone of External 
Albanides and has been developed as a deep pelagic through since upper Triassic. The Permian- 
Triassic evaporites are the oldest rocks of this zone. Over this formation lies a thick deposits formed 
by upper Triassic- lower Jurassic dolomitic limestone and Jurassic-Cretaceous-Paleogene pelagic 
cherty limestone. Limestone are covered by Paleogenic flysch, Aquitanian flyschoidal formation, 
thin section of Burdigalian-Helvetian and partially of Serravalian-Tortonian, which mainly fill the 
synclinal belts. Burdigalian deposits are placed in angle discordance over anticline belts. This has 
brought about two- stage structure. 

During the Liassing rifting affected External Albanides including Ionian zone and in this last were 
formed three tectonic blocks that represent the structural belts: 


a. Berati anticline belt, in the eastern margin of the zone 

b. Kurveleshi anticline belt, in the central part of the zone. According to the reflection seismic 
results have been compilated spatially map the carbonates. 

c. £ika anticline belt, which represents the western edge of the Ionian zone. 


By the geological-geophysical data many anticline structures are delimited in the carbonate deposits 
inside these tectonic belts. Structures are fractured by longitudinal tectonic faults in western 
structure flanks. 


The Berati anticline belt 

The seismic acquisitions on this belt are performed in different times and by different 
techniques. The seismic situation in the time sections is very complicated and for the top of 
limestone, only some separated reflections in certain lines are recorded, especially in its central and 
western part, probably because limestone in this zone are deep and faulted. According to the 
seismic data, limestone in the central part are markedly broken. 

This conclusion is well supported by the deep wells, drilled in Sqepur- Bistrovica area. 

Kurveleshi anticline belt 

All our conclusions are refereed mainly to carbonate formation, because those for the flysch 
section over the limestone, based on numerous facts, have produced wrong conclusions. The 
Kurveleshi belt is constructed by structures of various forms and dimensions, associated with 
developed tectonics up to thrusting of 5-10 km horizontal displacement, in the west of its structures 
as well as in eastern flanks is associated with diapiric eruptions. In regional seismic line II-II, which 
crosses the Ionian zone, from west to east, we can see clearly the perspective oil and gas-bearing 
structures. 

(jdka anticline belt 

Qika anticline belt is constructed mainly by prolonged structures, with considerable 
dimensions, and associated with evaporate outcrops as in Xara, Fterra, £ika etc. Seismic works in 
this belt, date back to the start of exploration in Albania and still continue today. Earlier techniques 
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for field acquisition have been those of one fold coverage, which continuously are improved, 
switching in the last years to multiple fold coverage. 



Fig. 20. Regional reflection seismic line in Ionian and Peri- Adriatic Depression. 



Fig. 20-a. Reflection seismic line in Ionian and Peri-Adriatic Depression. 
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Fig. 20-b. Reflection seismic line in Ionian and Peri- Adriatic Depression (After AKH). 



Fig. 21. Geological-geophysical profile Albanid-1: Falco Adriatic Sea- Seman- 


Kxujove- Bilisht (The gravity data for the Adriatic Sea after Richetti, 1980). 


Legend as in the fig. 8. 
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Fig. 22- Geological profile of Sazani-Zvernec in Ylora district. 


V. 



Fig. 23. Geological-geophysical profile: Saranda-Gjirokastra region. 


1. Quaternary; 2- Pliocene; 3- Helevtian; 4- Burdigalian; 5- Aquitanian; 6- Upper 
Oligocene; 7- Midle Oligocene; 8- Lower Oligocene; 9- Lower Oligocene of suite 
Tomorri; 10- Eocene; 11- Paleocene; 12- Upper Cretaceous; 13- Lower Cretaceous; 14- 
Lower Jurassic; 15-Midle Jurassic; 16- Lower Jurassic; 17- Dolomites of the Upper 
triasic; 18- Upper Triassic with evaporites; 19- Paleozoic (substratum of Ionian zone); 
20- Verified paleological boundary; 21- Supposed geological boundary; 22- Verified 
lithological boundary; 23- Supposed lithological boundary; 24- Transgresive boundary; 
25- Lithological marker; 26 Verified fault;27- Supposed fault; 28- Seismic reflector; 29- 
Normal attitude element; 30- Reversed attitude element; 31- Intersection of the seismic 
lines; 32- Trend of the Bouguer Anomaly; 33- Bouguer anomaly; 34- Depth wells. 
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Two main tectonic styles are distinguished in the Ionian zone: Duplex tectonic and imbricate 
tectonic styles. The back thrust faults have been caused by retro tectonic phenomena. The 
geodynamics of the Ionian zone is related with the evolution of the transversal tectonic faults. These 
faults have separated the Ionian basin in several blocks, since rifting time of lower and middle 
Jurassic. The periodical tectonic movement of the transversal faults has played an important role 
this over thrusting phenomenon, too. 


In the regional reflection seismic lines through Ionian zone is clearly seen that during the 
structuring process of the Ionian zone, from upper Oligocene to Langhian, the underlying of 
southern Adriatic basin limestone and Sazani Zone has taken place (Fig. 22, 23). 

5. SAZANI zone is the continuation of Apulian platform. A thick Cretaceous- Eocene limestone 
and dolomite section builds this). Marly deposits of Burdigalian are place trangressively over 
carbonatic formation (fig. 22). 

The interpretation of the recent geological geophysical data represents a new structural model and 
the tectonic styles of the External Albanides. Tectonic zones of the External Albanides are in 
compression tectonic regimen since upper Jurassic-Cretaceous periods. Only in western part, 
Apulian zone and South Adriatic basin, are in continues extension tectonic regimen. Over thrusting 
style of the south-eastern part of the External Albanides, with a great southwestward overthrust of 
the anticline chains, the presence of the old transversal faults at the present are well known. The 
lubrication substratum is represented by evaporites during the over thrusting movement. The 
regional neotectonic phenomena are also the back thrusting tectonic in the Ionian and Sazani zones. 
The formed structural-tectonic models are represented the results of interference of two main 
effects, that of southwestward over thrusting and that of secondary and newly northwestwards over 
thrusting. 


6. PERI-ADRIATIC DEPRESSION 

Overlying Peri-Adriatic Depression covers the Ionian, Sazani and partly Kruja tectonic zones. This 
is a fore depression filled with middle Miocene and Pliocene molasses, which are mainly covered 
by Quaternary deposits (fig.8, 20, 21, 24). Tortonian- Messinian- Pliocene molasses consist of a 
considerable number of sandy-clay mega-sequences. From south-east to north-west, the thickness of 
the molasses increases, reaching 5000 m. Sandstone-clay deposits of Serravalian and Tortonian are 
placed trangressively over the oldest ones, up to the limestone creating a two-stages structure (Fig. 
20, 24). 

During the molasses cycle, the structure and structural chains of the Ionian, Kruja and Sazani zones 
have increased the thrusting and back thrusting degree, as a result of a powerful tectonics 
development. This phenomenon often led to the formation of tectonic blocks, within the carbonatic 
section, of imbrications nature and to the partial and complete reaching of the expected anticline 
structures from the evaporites and the adjacent eastern structures. 

The Albanian sedimentary basin continues even in Adriatic shelf with terrigene and carbonatic 
formations. In the different profiles (fig.8, 14) it is noticed that there exist some local Bouguer and 
magnetic anomalies in Adriatic shelf (Richetti, 1980). Some researchers have reached the 
conclusion that the Apulian platform is tectonically quiet. The local gravity maximums coincide 
with minimums of the magnetic field: this is interpreted as due to the elevation of the top of 
carbonatic formation. 
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CROSS PROFILE BALLAJ - DJVJAKE - LUSHNJE 



Fig. 24. Reflection seismic line: Divjaka brachianticline in Peri-Adriatic Depression. 

(After Dyrmishi C). 



Fig. 24-b. Seismic line in Peri-Adriatic Depression (After AKH). 


PALEOMAGNETIC OUTLOOK ON DYNAMIC EVOLUTION OF ALBANIDES 

Dynamic evolution of the Albanides has its reflection in paleomagnetic data, collected from the 
paleomagnetic studies in Albania, which were performed during 90 years (Frasheri et Bushati 1995, 
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Frasheri et al. 1995, Kane et al. 1999, Kissel et al. 1992, 1994, 1995, Mauritsch et al. 1991, 1994, 
Mauritsch 2000). 

Paleomagnetic studies shows that Ionic and Kruja tectonic zones have support a joint clockwise 
rotation, with an angle 45-50° during and after Eocene-Oligocene period. This rotation has been 
realized through two phases, by 25° every phase in the middle Miocene up to Plio-Pleistocen. Ionic 
and Kruja zones don’t have any different rotation between each other. Vlora- Elbasan- Diber don’t 
divided zones with different rotations of the central and northern part of the Albania. Consequently, 
maybe observed practically continuously evolution of the External Albanides zones from upper 
Eocene up to present (Fig. 25). 

In the upper Miocene section in Peri-Adriatic Depression has been observed that between 
Oligocene and upper Miocene, the External Albanides zones have been subdued a clockwise 
rotation of 10-15°. In the clay of Pliocene section at Central Albania was observed lOo rotation, 
which have been supported External Albanides zones during the upper Miocene and lower-middle 
Pliocene. Has been evidenced also a clockwise rotation of the External Albanides and Internal 
Albanides younger that Tortonian, in the relation with general apparent polar displacement path 
from the Africa and Eurasia (Fig.26, 27). Eocene limestone anticlines of the Renz and Kakariq area, 
which are located in the Shkoder-Peje transversal zone, have a rotation about 31°. Consequently, 
these two anticlines have a declination with 18o smaller than the declination of the Eocene 
limestone in the Central Albania. These two anticlines maybe have superposition of two rotations 
with inverse sense: clockwise rotation of 50o, which has been subdued all External Albanides 
structures and local counterclockwise rotation by 25o, which has rotated only these two anticlines 
that have a Dinaride strike. 

Limestone samples from Albanian Alps at Selca area, in the north of Shkoder-Peje transversal, 
shows a counterclockwise rotation for 20o in relation with present north, the same value as in 
southern Dinaride’ s structures. 

The analogue counterclockwise rotation as in Selca area, have also Jurassic limestone at southern 
Shkodra lakeshore. This fact shows that both these sections appertain to the same tectonic zone, in 
northern of Shkoder-Peje transversal area. This lineament has great tectonic influence over Cukali 
subzone, where have observed changes of the sense of from counterclockwise to clockwise rotation 
in very short distances. In the northwestern edge of the Mirdita zone, at the Komani area of 
ophiolitic belt, have been observed declinations, which show the clockwise rotation of the effusive 
rocks and sedimentary ones. 
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Fig. 25. Paleomagnetic Declinations Map of the External Albanides. 
(After Kisel C. et al. 1994). 
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Fig. 26. Regional Paleomagnetic Declinations around Adriatic Sea and expected 
paleomagnetic declination for Africa during the Eocene-middle Pliocene 
period, (After Speranza F. 1995). 
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Fig. 27. Schematic evolution of the orientation of Albanides-Hellenides and 
Dinaride structures during the Cenozoic era, (After Speranza F. 1995). 


Shkoder-Peje lineament forms the transition between two zones: of counterclockwise rotation of 
Albanian Alps and Dinarides to its north and clockwise rotation of the Albanides and Hellenides to 
its south. 

Magneto-biostratigraphic studies which have been performed at K§ira area in Mirdita zone, shows 
that in the Spathian-Anisian section have observed alternation of normal and inverse magnetization. 
K§ira Pole presents affinity with Western Gondwana after restoration for the Neogene (Muttoni G. 
et al, 1996). 

Results of paleomagnetic investigation of the samples from ophiolitic belt in Internal 
Albanides, from Qafezezi in south of Korga district to the Kalimashi area in Kukesi ultrabasic 
massif in the north-east of Albania, shows the same declination as the Hellenides ophiolitic belt. 
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CONCLUSIONS 

1. Albanides are presented the assemblage of geologic structures, which are extended in the 
Albanian territory. They are placed between Dinarides in North and Hellenides in South. The 
geophysical and geological studies have proved the presence of some tectonic zones, situated in two 
big paleogeographic zones, in the Internal Albanides and in the External Albanides. 

2. Earth Crust of the Albanides has a block construction. The Earth crust in Albanides is interrupted 
by a system of longitudinal fractures in NW-SE direction and transversal fracture that touches the 
mantel. Some of them separate even the tectonic zones. With deep fractures are linked geothermal 
energy of the Albanides. 

3. The Mirdita ophiolitic complex causes an obvious gravity anomaly chain and a turbulent 
magnetic field, relatively of low intensity. These data show about the allochthone character of 
ophiolitic belt. The interpretation of the gravity data reveals a big thickness of the ophiolitic belt of 
6-14 km on the eastern belt of the ultrabasic massifs, while it is decreased up to 2 km on the West. 

4. Tectonic zones of the External Albanides are in compression tectonic regimen since upper 
Jurassic-Cretaceous periods. Western part, Apulian zone and South Adriatic basin is in continues 
extension tectonic regimen. 

5. The geophysical data show that the orogene front of Albanides is emplaced in Adriatic Sea. The 
Ionian and Sazani zones continue for a certain of distance in the Adriatic Sea Shelf. Both these 
zones are extended over the Apulian platform. 

6. The relations between the Internal and the External Albanides have a southwestward nappe 
character. 


7. Paleomagnetic studies have demonstrated that assemblage of the Albanides margin has supported 
a clockwise rotation with amplitude about 45o, after upper Oligocene. This rotation has been 
realized by two phases, analogue with the phases, which are observed in the western margin of the 
Hellenides. Shkoder-Peje transversal is represented a transition zone between the clockwise rotation 
of the Albanides and Hellenides and counterclockwise of the Dinarides. Horizontal displacement is 
about 173 km in southern Albania, for the rotation pole located at Shkoder-Peje transversal. 
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LIST OF CAPTIONS 


Fig. 1. Schematic Map of African Plate Subduction under the Euroasiatic one (After Ricou, El. 

1986) 

2- Euro-Asiatic Continent; 2- African continent; 3- Kishir block; 4- Presents Oceanic 
Basins; 5- Boundaries of Mesozoic Oceans; 6- Boundaries of Mesozoic Ocean and the 
Main Ophiolitic Nappes; 7- Troughs of present and past subduction. 

Fig. 2. Schematic Tectonic Map of Albania. 


Tectonic zones: 1- Sazani; 2- Ionian; 3- Kruja; 4- Krasta-Cukali; 5- Albanian Alps; 6- 
Gashi; 7- Korrabi- 8- Mirdita; 9- Peri-Adriatic Depression; 10- Albanian-Thessalinian 
depression; 11- Main overthrust; 12- Main fractures. 

Fig. 3. Geologic structure of Earth’s Crust and Upper mantle based on seismological studies 

(data taken from Ko?iu S. 1989). 

The numbers given in legen show the velocity of the seismic waves, in km/s). 

2- Sedimentary Crust; 2- Consolidated crust; 3- Granitic Crust; 4- Basalt Crust; 5- Upper 
mantle; 6- Asthenospehere; 7- BK Crystal Basement; 8- Moho Discontinuity. 

Fig. 4. Bouguer Gravity Map of Albania (After V. Veizaj 1994). 


Fig. 5. The Complex Tectonic Map and map of the trend of 3 rd degree of Bouguer Anomaly in 


the Albanides. 

2- Peri-Adriatic Depression; 2- Ionian Zone; 3- Kruja zonw; 4- Krasta-Cukali zone; 5- 
Sazani zone; 6- Mirdita zone; 7- Korabi zone; 8- Gashi zone; 9- Albanian Alps zone; 10- 
Vermoshi zone; 11- trend of 3 rd degree of Bouguer Anomaly; 12- Boundary between 
shelf and continental slope; 13- The axes of the up-left and down-left of the Mante; 14- 
Boundary of the Peri-Adriatic Depression with angular discordance; 15- Normal fault; 
16- Pressure; 17- Limit of deformed envelopment during the neotectonic period; 18- 
Overthrust; 19- Flexure; 20- Flexure and faults based on geophysical data; 21- Inactive 
overthrust; 22- Compression (a) and (b) extension zones; 23- Deep faults. 

Fig. 6. The Complex Tectonic Map and axes of the Bouguer anomaly in the Albaniedes and in 

continental plate of the Adriatic Sea. 

2- Peri-Adriatic Depression; 2- Ionian Zone; 3- Kruja zonw; 4- Krasta-Cukali zone; 5- 
Sazani zone; 6- Mirdita zone; 7- Korabi zone; 8- Gashi zone; 9- Albanian Alps zone; 10- 
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Vermoshi zone; 11- The axes of the Bouguer Residual Anomalies, positive (a) and 
negative (b); 12- Isoanomals of the Bouguer Anomaly in the Adriatic and Ionian Sea 
(after Morelli C et al. 1969); 13- The axes of the up-left and down-left of the Mante; 14- 
Boundary of the Peri-Adriatic Depression with angular discordance; 15- Normal fault; 
16- Pressure; 17- Limit of deformed envelopment during the neotectonic period; 18- 
Overthrust; 19- Flexure; 20- Flexure and faults based on geophysical data; 21- Inactive 
overthrust; 22- Compression (a) and (b) extension zones; 23- Seismogene deep up-rupt; 
24- Isobaths of the water depth, in meters. 

Fig. 7. The Complex Tectonic Map and Total Magnetic anomalies in the Albanides and in 


Adriatic Sea continental plate. 

2- Peri-Adriatic Depression; 2- Ionian Zone; 3- Kruja zone; 4- Krasta-Cukali zone; 5- 
Sazani zone; 6- Mirdita zone; 7- Korabi zone; 8- Gashi zone; 9- Albanian Alps zone; 10- 
Vermoshi zone; 11- Isoanomals of residual total magnetic anomalies; 12- Boundary 
between shelf and continental slope; 13- Normal faults; 14- Boundary of the Peri- 
Adriatic Depression with angular discordance; 15- Pressure; 16- Limit of deformed 
envelopment during the neotectonic period; 17- Overthrust; 18- Flexure; 19- Flexure and 
disjunctions based on geophysical data; 21- Inactive overthrust; 22- Depth seismogenic 
up-rupt. 

Fig. 8. Geological-geophysical profile Albanid-2: Falco Adriatic Sea- Durres-Tirana- Peshkopi 


(The gravity data for the Adriatic Sea after Richetti, 1980). 

3. Pliocene Sustratum; 2- Substratum of Serravalian Molasses; 3- Paleogenic flysch (Pg 3 ) 
and molasses over the limestone; 4- Flysch of the Mastrichtian (Cr m i), Lower and 
Middle Paleogene (Pgi- 2 ); Old flysch of Jurassic (J) and middle Cretaceous (& 2 ); 6- 
Carbonatic facies divided by the tectonic zones; 7- Ultrabasic rocks; 8- Disjunctive 
tectonic; 9- Depth up-rupt; 10- Top of chrystal basement; 11- The basal of the Earth 
Crust; 12- Moho Discontinuity’ 13- Focus nodal plan of the earthquakes in the Kavaja 
region, western Albania; 14- Seismic reflection; 15- Deep well. 

Gb,i- Trend of 2 nd degree of Bouguer anomaly, 


Gb,i- Residual Bouguer anomaly, 

T t - Trend of the 2 nd degree of total magnetic anomaly, 

T r - Residual of the 2 nd degree of total magnetic anomaly, 
T 0 - Observed magentic anomaly. 

Fig. 9. Heat Flow Density Map of Albania. 


Fig. 10. Geological-geophysical Shkoder-Kukes profile. 
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2- Effusive rocks; 2- Ultrabasic rocks; 3- Gabbro; 4- Sedimentary formation; 5- 
Disjunctive tectonic. 

Fig. 11. Geological- geophysical profile: Adriatic Sea- Vrith 


Fig. 12. Geological-geophysical profile: Shengjin- Vrith. 


Fig. 13. Geological-geophysical profile: Tirana- Bulqize- Shupenze. 


2- Terrigeneous Tortonian Deposts; 2- Paleogene flysch deposists; 3- 

Upper Cretaceous-Paleogene Limestone; 4- Titonian- lower Cretaceous flysch deposits; 5- 

Upper Triassic- lower Triassic limstone; 6- Radiolaritic limestone with silic radiolarities; 7- 

Ultrabasic rocks; 8- Effusive rocks; 9- Limestone with siliceous of midle Triassic- lower 

Jurassic; 10- Overthrust plave; 11- Up-rup tectonic; 12- Electrical sounding centers; 13- 

Unconformity surface; 14- Bouguer anomaly; 15- Magnetic anomaly; 16- Electrical 

sounding resistivity curve. 


Fig. 14. Geological-geophysical profile through Peleogene and Cretaceous flysch exposures of 


Okshtun window. 


Abbreviations: T- Triassic; J- Jurassic, Cr- Cretaceous, Pg- Paleogene. 


Fig. 15. Geoelectrical profile: Klos-Prosek over the Burreli Neogenic Fosse. 


1- Quaternary gravel and conglomerate; 2- Detritic-argillaceous pack; 3- Sandstone- 
conglomerate; 4- Volcanic rocks; 5- Volcanogenic sedimentary pack; 6- Limestone; 7- 
Synthetic vertical electrical sounding curve; 8- Observed vertical electrical sounding 
curve. 

Fig. 16. Reflection seismic line in the Burreli Neogenic Fosse. 


Fig. 17. Inversion of seimic P waves velocity from seismologic data (After Kogiu S., 1989). 


Fig. 18. Geological-geophysical profile: Alps-Cukali-Mirdita zones, over the Shkoder- Peje 


Transversal. 


Fig. 19. Reflection seismic line in the Tiran Neogenic Depression. 


Fig. 20. Regional reflection seismic line in Ionian and Peri- Adriatic Depression. 
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Fig. 20-a. Reflection seismic line in Ionian and Peri- Adriatic Depression. 

Fig. 20-b. Reflection seismic line in Ionian and Peri- Adriatic Depression. 

Fig. 21. Geological-geophysical profile Albanid-1: Falco Adriatic Sea- Seman-Ku§ove- Bilisht 
(The gravity data for the Adriatic Sea after Richetti, 1980). Legend as in the fig. 8. 

Fig. 22- Geological profile of Sazani-Zvernec in Ylora district. 

Fig. 23. Geological-geophysical profile: Saranda-Gjirokastra region. 

1- Quaternary; 2- Pliocene; 3- Helevtian; 4- Burdigalian; 5- Aquitanian; 6- Upper 
Oligocene; 7- Midle Oligocene; 8- Lower Oligocene; 9- Lower Oligocene of suite Tomorri; 
10- Eocene; 11- Paleocene; 12- Upper Cretaceous; 13- Lower Cretaceous; 14- Lower 
Jurassic; 15-Midle Jurassic; 16- Lower Jurassic; 17- Dolomites of the Upper triasic; 18- 
Upper Triassic with evaporites; 19- Paleozoic (substratum of Ionian zone); 20- Verified 
paleological boundary; 21- Supposed geological boundary; 22- Verified lithological 
boundary; 23- Supposed lithological boundary; 24- Transgresive boundary; 25- Lithological 
marker; 26 Verified fault;27- Supposed fault; 28- Seismic reflector; 29- Normal attitude 
element; 30- Reversed attitude element; 31- Intersection of the seismic lines; 32- Trend of 
the Bouguer Anomaly; 33- Bouguer anomaly; 34- Depth wells. 

Fig. 24. Reflection seismic line: Divjaka brachianticline in Peri-Adriatic Depression. 

Fig. 24-b. Reflection seismic line: Divjaka brachianticline in Peri-Adriatic Depression. 

Fig. 25. Paleomagnetic Declinations Map of the External Albanides (Kisel C. et al. 1994). 

Fig. 26. Regional Paleomagnetic Declinations around Adriatic Sea and expected paleomagnetic 

declination for Africa during the Eocene-middle Pliocene period (After Speranza F. 1995). 

Fig. 27. Schematic evolution of the orientation of Albanides-Hellenides and Dinaride structures 
during the Cenozoic era (After Speranza F. 1995). 
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Abstract: The Albanides represent the assemblage of the geological structures in the territory of Albania. 
This paper presents a review of the existing seismological, reflection seismic, gravity, magnetic, electrical, 
and geothermal information, and relates them to the geological structure of the Albanides. Two major 
paleo geo graphic domains form the Albanides. The Internal Albanides belong to the Subpelagonian Trough. 
The External Albanides develop out of the Western passive margin and continental shelf of the Adriatic 
plate. Regional gravity anomalies are attributed to the depth variation of the Moho discontinuity, and the 
block structure setting of the crust. The Albanides are interrupted by a system of longitudinal fractures in 
NW - SE direction and transversal fractures. Intensive Bouguer anomalies and turbulent magnetic field 
with weak anomalies characterize the ophiolithic belt of the Internal Albanides. These data favor the 
allochton character of ophiolites. The Internal and the External Albanides show a nape character. A 
common feature of Ionian and Kruja structural belts in External Albanides is their Westward thrusting. 
Two tectonic styles are observed in the Ionian zone, namely duplex and imbricate tectonics. Miocene and 
Pliocene molasses of Peri- Adriatic Depression cover the Western part of Ionian zone. 

Key words: Albanides, Mediterranean Folded Belt, Geophysics. 


INTRODUCTION 

Integrated regional geophysical studies have 
been performed for exploration of the Albanides, 
both on land and in the Adriatic Sea Continental 
Shelf. Seismological studies, gravity and magnetic 
surveys, reflection seismics, geothermal studies, 
radiometric investigations, vertical electric 
soundings and well logging are combined in this 
geophysical investigation. Here, only selected 
geophysical data are presented. 

The Albanides, together with Dinarides to the 
North and Hellenides to the South, form the 
Southern branch of the Mediterranean Alpine Belt 
(Fig. 1), (Aubouen and Ndojaj, 1964; Aubouen, 
1973; Bigoku and Papa, 1965; Bigoku, 2000; 
Bushati, 1988; Frasheri et al., 1999; I.G.S., 1983, 
1985; Mego and Aliaj, 2000; Melo, 1986; Papa, 
1970). This paper presents the outcome of the 
seismological, reflection seismics, gravity, 
magnetic, electrical, and geothermal surveys for 
Albanides, in the framework of geophysical and 
geological observations. 

Two major paleogeographic domains form the 
Albanides: the Internal Albanides and the External 
Albanides (Fig. 2). 

The Internal Albanides are of Triassic and 
Jurassic age (Kodra, 1987) and belong to the 


Subpelagonian Trough. They are characterized by 
the presence of the immense and intensively 
tectonized ophiolithic belt which expands from E 
to W as overthrust. There are two viewpoints about 
the placement of the ophiolites: The allochthon 
character of the ophiolithic nappe (Auboin, 1973; 
Cadet et al., 1980; £ollaku et al., 1992; Frasheri et 
al., 1995, 1996; Frasheri, 2000; Hoxha and 
Bushati, 1996; Hoxha, 2000; Hoxha and Avxhiu, 
2000; Lubonja et al., 1968; Langora et al., 1983; 
Melo, 1986; Papa, 1993; Qirinxhi, 1970; Veizaj 
and Frasheri, 1996) and autochthon ophiolitic belt 
(Beccaluva et al., 1994; Gjata and Kodra, 1999, 
2000; Kane et al., 1999; Kodra, 1987, 1978; Kodra 
et al., 1996, 2000; Robertson and Shallo, 2000; 
Shallo et al., 1989). 

The External Albanides develop off the 
Western passive margin and continental shelf of 
the Adriatic plate. They are regular structural belts 
associated with overthrusting. 

Geophysical data indicate that the Earth crust 
becomes thicker from Adriatic Sea towards 
Albanides (Bare et al., 1996; Dalipi, 1985, 1987; 
Dhima et al., 1996; Guri and Guri, 1996; Mehillka 
et al., 1996, 1999; Nishani, 1985; Papa and Kondo, 
1968; Seitaj et al., 1996; Valbona and Misha, 
1987; Velaj, 1995; Xhufi and Canaj, 1999). 
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FIG. 1 . Schematic Map of African Plate subduction under the Eurasia (After Ricou, 1986). Legend 
explanation: 1- Euro-Asiatic Continent; 2- African continent; 3- Kishir block; 4- Present Oceanic Basins; 5- 
Boundaries of Mesozoic Oceans; 6- Boundaries of Mesozoic Ocean and the Main Ophiolithic Nappes; 7- 
Troughs of present and past subduction. 


The thickness of the sedimentary basin is 8-9 
km near the Adriatic seashore and reaches 15 km 
in the Northwestern regions of Albania (Fig. 3) 
(Frasheri et al., 1998, 2000; Kogiu, 1987; Veizaj, 
1995; Veizaj and Frasheri, 1996). The depth of the 
Moho discontinuity is 40 -50 km. The maximum 
thickness of the crust is observed at NW Albania. 
The regional gravity anomalies are attributed to the 
Moho undulations and the block structure of the 
crust. The latter is in accordance with the results 
from seismological studies (Figs. 3 and 4). Very 
deep faults in the NW-SE direction separate the 
tectonic zones. This tectonic setting of the deep 
crust in Albanides is also responsible for the 
scattering of the magnetic fields. 

According to geological data, regional 
geophysical studies and based on structural criteria 
the Albanides consist of the zones shown on Table 
1 (Fig. 2). 

Intensive Bouguer anomalies and very 
turbulent magnetic field with weak anomalies 
(Bushati, 1988, 1997) (Figs. 5, 6 and 7), 

characterize the Mirdita ophiolithic belt of the 
Internal Albanides. According to these data, Kukes 
ultrabasic massif to the NE of the ophiolithic belt 
exhibits a maximum thickness of 14 km (Figs. 8, 
10, 11 and 12). Towards West and Southeast, its 
thickness is reduced to 2 km. This supports the 
allochthon character of the ophiolithic belt and the 
overthrusting character of its Western contact, 


under which the formations of Krasta-Cukal zone, 
External Albanides are laid. The nape character 
between the Internal and the External Albanides 
develops in the W-SW direction. The splitting of 
the gravity and the magnetic anomalies in the 
central region of the Internal Albanides, at 
Shengjergji flysch corridor, is attributed to the 
presence of Diber -Elbasan - Vlora fault. This fault 
plays a significant role in the geology of Albanides 
(Figs. 4, 5, 6 and 7). 

A common feature of the Ionian and Kruja 
belts in External Albanides is their Westward 
thrusting (Figs. 8, 10, 11 and 12). The presence of 
the Triassic evaporites sheet under the carbonates 
helped this thrusting process. According to the 
integrated geological-geophysical studies and deep 
wells, there are two tectonic styles, namely the 
Ionian and the duplex imbricate. Traverse faults 
separate the Ionian basin in several blocks. 
Additionally, the Southern Adriatic basin 
(limestone formations) is partly extended under the 
Sazani, Ionian and Kruja zones. 

Peri-Adriatic Miocene and Pliocene deposits cover 
the Sazani, Ionian and partly Kruja tectonic zones. 
These Neogene molasses are placed 

transgressively over the older ones on top of the 
Ionian zone limestone (Fig. 20). The post-orogenic 
molasse deposits cover transgressively Mirdita and 
partially Krasta - Cukali tectonic zones in Korga 
and Burreli basins. 
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Table 1: The tectonic zones in Albania. 


In Albanides 

equivalent in Hellenides 

in Dinarides 




Internal Albanides 



Korabi 

Pelagonian 

Golia 

Mirdita 

Subpelagonian 

Serbian 

Gashi 


Durmitor 




External Albanides 



Albanian Alps 

Parnas 

High karst 

Krasta-Cukali 

Pindos 

Budva 

Kruja 

Gavrovo 

Dalmatian 

Ionian 

Ionian 


Sazani 

Preapulian 


Peri Adriatic Depression 




EARTH CRUST 

Seismological, gravity and magnetic data 
probed the crust (Figs. 2, 3, 4, 8 and 21) (Aliaj, 
1987; Arapi, 1982; Bushati, 1988, 1997; Chiappini 
et al., 1996; Duka and Bushati, 1997; Frasheri et 
al., 1999; 2000; Kogiu, 1989; Langora et al., 1983; 
Lubonja et al., 1968; Lulo and Bushati, 2000; 
Sulstarova, 1987; Veizaj, 1995; Veizaj and 
Frasheri, 1996). The P-wave velocity in the deeper 
sedimentary crust ranges from 5.9 to 6.2-km/s, 
indicating more consolidated rocks (consolidated 
crust, Fig. 3). The regional gravity anomaly in 
Albanides is attributed to the Moho discontinuity 
undulations. The Bouguer gravity increases from 
Albanides to the Adriatic Sea Shelf (Figs. 5, 8 and 
21). The geological-geophysical profiles Albanid-1 
and Albanid-2 (Figs. 8 and 21) indicate that the 
depth to the Moho is minimum in the Adriatic sea 
region. The Moho discontinuity plunges from 25 
km in the central part of the Adriatic Sea (Finetti 
and Morelli, 1972) to 43- 52 km at the Eastern 
Albanides. According to the interpretation of the 
regional magnetic anomalies, the top of the crystal 
basement plunges towards seashore and central 
Albania (Figs. 8 and 24). 

In the Albanides there are four small Bouguer 
anomalies: two maximums and two minimums 
(Figs. 5 and 6). The first gravity maximum is 
observed over the Northeastern part of Mirdita and 
Korabi tectonic zones. 

The second maximum, located at Vlora district 
to the Southwest of Albania, exhibits a strike 
which is sub-transversal to the geological 
structures of the Ionian tectonic zone. These 
regional gravity maximums indicate a crust 


thinning toward the Mirdita tectonic zone in Vlora 
district (Figs. 8 and 21). The same feature is 
observed in the Hellenides South of Mirdita 
ophiolithic belt (Cadet et al., 1980). The main 
gravity minimum extends from Southeast to the 
Northwest Albania. Another minimum is present at 
Alps tectonic zone. 

These anomalies are attributed to the depth 
fluctuation of the Moho discontinuity and reveal a 
block setting of the crust, which is in accordance 
with the results of seismological studies (Fig. 2). 

This tectonic setting of the deep crust in 
Albanides causes scattering of the magnetic fields 
(Fig. 7). 

Geothermal energy of the Albanides is linked 
to deep faults. According to the geothermometer 
data, the water temperature reaches 220-270°C at 
depth 12-13 km. 

Earth crust setting of the Albanides controls 
the distribution of the geothermal energy. In the 
Heat Flow Density Map of Albania, the geothermal 
gradient varies from 15-21.3 mK/m in Pre- Adriatic 
Depression (Fig. 9) (£ermak et al., 1996; Frasheri 
1993, 2000; Frasheri et al., 1995, 1996, 1999). 
According to the modeling results, the gradient 
decreases at depth greater then 20 Km (top of the 
crystal basement). In the ophiolithic belt 
(Northeast and Southeast Inner Albanides), the 
geothermal gradient reaches 36 mK/m. Lower 
gradient values are observed at depth greater than 
12 Km (top of the Triassic salt deposits) (Fig. 8). 
On Albanid-1 and Albanid-2 profiles, the 
temperatures in the ophiolithic belt are higher than 
the ones in the sedimentary basin at the same 
depth. 
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FIG. 2. Schematic Tectonic Map of Albania. (After Tectonic 
Map of Republic of Albania, at scale 1:200.000, 1985). 
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FIG. 3. Geologic structure of Earth’s Crust and Upper 
mantle based on seismological studies (data taken from 
Kogiu, 1989). The numbers given in the columns express 
depths. 
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The Heat Flow Density Map (Fig. 9) reveals 
two characteristic features: 

Firstly, the maximum value of the heat flow 
in the External Albanides is 42 mW/m 2 . At the 
Eastern part of Albania, heat flow density values 
of 60 mW/m 2 are recorded. Since, the radiogenic 
heat from the ophiolites is very low, the higher 
heat flow in the ophiolithic belt is linked to 
deeper heat sources. According to the Albanid-1 
profile, the granites of the crystal basement 
represent the potential heat source. 

Secondly, in the ophiolithic belt there are 
hearths of higher heat flow density. Under the 
ophiolithic belt, the Moho depth decreases. Heat 
flow anomalies are controlled by deep transverse 
faults. These faults are associated with the 
geothermal fields. According to different 
geothermometers, the estimated aquifer 
temperature ranges from 144 to 270°C. Based on 
geothermal modeling, thermal waters can rise 
from 8-12 km deep, where temperature reaches 
220°C. 

These arguments favor the block character of 
the crystal basement. The depth of these blocks is 
small in Mirdita tectonic zone. Local heat hearths 
show the existence of transverse faults through 
which there is very high heat flow. 

INTERNAL ALBANIDES 

The tectonic zones of the Internal Albanides 
cover the Eastern part of Albania. 

1 . KORABI zone (K) is related to the 
Pelagonian zone in Hellenides and the Golia zone 
in Dinarides. In Korabi zone the Bouguer 
anomaly is normal (Fig. 4). The contact between 
Korabi and Mirdita zone coincides with the 
Ohrid-Qarishte-Qafe Murre-Kukes deep 
seismogenic structure. 

This zone consists of the oldest formations of 
Albania, such as sandstones, schistose- 
conglomerate and metamorphic limestone of 
Silurian, Devonian and Carboniferous age, as 
well as sandstone-conglomerate and anhydrite of 
lower Permian-Cretaceous age. There are also 
volcanic and subvolcanic rocks of basic and 
acidic-alkaline content. In the Korabi zone, folds, 
thrust faults and cover rocks are present. 

2. MIRDITA zone is related to the 
Subpelagonian zone in Hellenides and the 
Serbian zone in Dinarides. This wide belt extends 
from NW to SE., Three tectonic units were 
formed in Mirdita zone during different orogenic 
phases. The lower tectonic unit consists of 
ophiolites. Intensive Bouguer anomalies and 


turbulent magnetic field with weak anomalies 
characterize the ophiolithic belt of the Internal 
Albanides (Figs. 5, 6, 7, 8, 10, 11, 12 and 13). 

There are three features in this anomalous 
belt: 

- Firstly, this zone is divided in two parts, 
North and South of Shengjergji flysch corridor. 

- Secondly, there are five gravity maximums 
(up to 105 mgal), along the anomalous chain 
from Tropoja-Kukesi ultrabasic massif in the 
North-East Albania to the Morava massif at 
South-East. In its Northern part, the anomalous 
belt takes a 60° to 70° turn to the North-East 
reaching the Dinarides ophiolithic belt. 

- Thirdly, higher gravity anomalies are 
present in the Eastern belt over the ultrabasic 
massif. To the South, the ophiolithic belt exhibits 
limited thickness and it keeps developing 
Southwards in the Hellenides. 

The Falko-Tirana-Bulqiza profile traverses all the 
tectonic zones of the Albanides (Figs. 8 and 13). 
Along this profile the maximum thickness of the 
Bulqiza ultrabasic massif is about 6 km. Two 
VES indicate that the Eastern part of this massif 
is dipping to the West. The abundance of high 
resistivity zones in these soundings indicates that 
the ultramaphic rocks are located at depths 
greater than 2500 m (Fig. 13). 

The splitting of the gravity and the magnetic 
anomalies in the Shengjergji flysch corridor is 
caused by the presence of Diber -Elbasan - Vlora 
transverse fault, which has played a significant 
role in the geology of the Albanides. In 
Shengjergji flysch corridor, the absence of 
magnetic anomalies indicates that there are no 
ultrabasic rocks to the East of massif margins and 
under the flysch deposits (Fig. 14). The Bouguer 
anomaly in this region is due to the presence of a 
limestone anticline covered by the flysch. From 
vertical electrical soundings revealed the 
thickness of flysch deposits ranges from 2000 to 
2500 m. 

The thickness of the ophiolithic belt becomes 
14 km in its Northeastern extreme (Kukes 
ultramaphic belt). Towards West and Southeast 
its thickness reduces to 2 km (Fig. 10). The 
Northwestern sector of the ophiolithic belt 
extends to the East of Shkodra (Figs. 10, 11 and 
12). The intensity of gravity and magnetic 
anomalies increases from seashore towards the 
East. The gravity anomaly over the Gomsiqe 
ultrabasic massif is 12 mgal. It is four times 
smaller than the anomalies in the Eastern belt of 
ultramaphic massif. This indicates that the 
ophiolithic belt is thinner to the West. 
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FIG. 5. The Complex Tectonic Map and Bouguer Anomaly map in the FIG. 6. The Complex Tectonic Map and axes of the Bouguer anomaly 

Albanides (3rd degree trend). in the Albanides and in theAdriatic Sea continental plate. 

Explanation of the legend for Figs. 5 and 6 

1 -Peri-Adriatic Depression; 2- Ionian zone; 3- Kruja zone; 4- Krasta-Cukali zone; 5- Sazani zone; 6- Mirdita zone; 7- Korabi zone; 8- Gashi zone; 9- Albanian Alps 
zone; 10- Vermoshi zone; 11- The axes of the Bouguer Residual Anomalies, positive (a) and negative (b); 12- Isoanomals of the Bouguer Anomaly in the Adriatic 
and Ionian Sea (after Morelli C et al. 1969); 13- The axes of the up-left and down-left of the Mante; 14- Boundary of the Peri-Adriatic Depression with angular 
discordance; 15- Normal fault; 16- Pressure; 17- Limit of deformed envelopment during the neotectonic period; 18- Overthrust; 19- Flexure; 20- Flexure and faults 
based on geophysical data; 21- Inactive overthrust; 22- Compression (a) and (b) extension zones; 23- Seismogenic deep uplift; 24- Isobaths of the water depth, in 
meters. 
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The magnetic anomaly present in the profile, 
shows that here the ophiolites contact dips to the 
East with an angle about 45°. This interpretation 
supports the argument that Mirdita zone covers the 
formations of Krasta-Cukal zone at the Western 
contact of the Mirdita ophiolithic belt. The 
seismological studies do not support the presence 
of any deep fracture. 

VES carried out in Burreli indicate that the 
thickness of the neogene molasses is 
approximately 1500 m in the Northern part of the 
basin (Fig. 15). A high resistivity layer under the 
neogene formations is attributed to the ophiolites. 
The thickness of the 100 Ohmm resistivity layer 
under the ophiolites is 500 m. This layer 
corresponds to Triassic limestone. The seismic 
profile through this basin shows that the layer 
under neogene deposits without internal 
reflections, is attributed to the ophiolithic 
formation. Under this layer, the section exhibits 
many horizontal seismic reflections, which implies 
the presence of stratified formations (Fig. 16). At 
greater depths seismological data indicate a P- 
wave velocity reversal in Mirdita zone (Fig. 17). 

These observations indicate that the ophiolithic 
belt of the Albanides is genetically unique and 
tectonically split into two sub-belts. Geophysical 
data give the arguments for the overthrust 
character of ophiolithic belt. 

3. GASHI zone (G). Beyond its border it 
continues into the Durmitori zone of the Dinarides. 
This zone includes metamorphic rocks, 
terrigeneous rocks, limestone, metamorphic 
volcanites, basic intermediate and acidic rocks. 

EXTERNAL ALBANIDES 

The tectonic zones of the External Albanides 
are present in Western Albania. 

1. ALPS zone (A) is related to the Parnas zone 
of the Hellenides and the High Karst one of the 
Dinarides. In this zone the oldest rocks are the 
Permian sandstones and the conglomerates. In 
general, Alps consist of limestone monoclines, 
combined with smaller anticlines. A regional 
gravity minimum is observed in the Alps zone. 
Local gravity maximums are present over the 
carbonate structures (Fig. 18). 

2. KRASTA-CUKALI zone (K-C) is related to 
the Pindos zone of the Hellenides and the Budva 
zone of the Dinarides. Krasta subzone is a narrow 
belt from Shkodra city, Northwest Albania to 
Leskovik city Southeast Albania. This zone is 
located between the Internal and External 
Albanides. The profile in Figure 18 crosses the 


Northwestern margin of ophiolithic belt, the Cukali 
zone and reaches to the Albanian Alps. The 
Shkoder-Peje transverse fault interrupts this 
profile. Residual Bouguer anomaly increases to the 
Southeast along this profile. This increase is 
attributed to: 

Firstly, the increased thickness of the Triassic 
to Cretaceous limestone formations in Cukali and 
Mirdita zones towards their contact with Alps. 

Secondly, the existence of ophiolites covered 
by Cukali formations. 

Thirdly, the presence of higher density 
Paleozoic formations. 

3. KRUJA zone (K) continues to the North as 
Dalmate zone of the Dinarides and to the South as 
Gavrovo zone of the Hellenides. The reflector at 
2. 3-2. 5 s, partially parallel to the shallower ones, is 
attributed to the top of the limestone (Fig. 19). The 
reflector 1-1 is attributed to the top of J-C salts 
which are placed on top of the flysch. The seismic 
section shows a deep regional overthrust feature. In 
this case, the 2-2 reflection originates from the top 
of the flysch. Thus, carbonate structures 
underneath the flysch show perspectives for oil and 
gas. 



FIG. 7. Total Magnetic Field map of Albania 
(After Bushati, 1987). 
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Fig. 8. Geological-geophysical profile Albanid-2: Falco Adriatic Sea- Durres-Tirana- Peshkopi (The 
gravity data for the Adriatic Sea after Richetti, 1980). 

Legend: 1 . Pliocene Substratum; 2- Substratum of Serravalian Molasses-Paleogenic flysch (Pg 3 ) over the limestone; 
3- Lower - Middle Paleogene (Pgi- 2 ) - Triassic carbonatic facies; 4- Ultrabasic rocks; 5- Permian evaporites; 6- 
Crystal basement; 7. The basalt Earth Crust 8. Mantle; 9- Moho Discontinuity; 10. Uplift; 11- Density value of the 
rocks, in g/cm 3 ; 12- Temperature, in °C; 13. Deep wells; 14. Ag B - Bouguer Gravity Anomaly; 15. Total Magnetic 
Field Anomaly; 16. Q- Heat Flow Density. 


4. IONIAN zone (Io) in the Southwest Albania 
continues in Greece. It is the largest zone of 
External Albanides which has been developed as a 
deep pelagic trough since upper Triassic (Figs. 
20. a, b and c). The Permian- Triassic evaporites 
are the oldest rocks of this zone. This formation is 
covered by thick deposits of upper Triassic- lower 
Jurassic dolomitic limestone and Jurassic- 
Cretaceous-Paleogene pelagic cherty limestone. 
Limestones are covered by Paleogene flysch, 
Aquitanian flyschoidal formations and a thin layer 
of Burdigalian-Helvetian and partially of 
Serravalian- Tortonian formations, which mainly 
fill the synclinal belts. Burdigalian deposits are 
placed in angle discordance over anticline belts. 
This indicates a two-stage structure. 

Liassing rifting affected External Albanides 
including Ionian zone. In the latter, three tectonic 
blocks were formed which correspond to the 
following structural belts: 

a. Berati anticline belt, in the eastern margin of 
the zone. 


b. Kurveleshi anticline belt, in the central part, 
according to evidence from reflection seismics 
which image the carbonates. 

c. £ika anticline belt, which represents the 
Western edge of the Ionian zone. 

By combining the geological-geophysical data 
many anticlines were delineated in the carbonate 
deposits within these tectonic belts. Longitudinal 
faults affect the Western flanks of these structures. 

The Berati anticline belt 

The seismic acquisition on this belt was 
performed by different techniques. The time 
sections are very complicated. Occasionally, some 
reflections from the top of the limestones are 
recorded in certain lines, especially in the centre 
and to the West, probably because limestones in 
this zone are deep and faulted. According to the 
seismic data, limestones in the centre are markedly 
broken. 

This conclusion is well supported by deep 
wells, drilled in Sqepur- Bistrovica area. 
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Fig. 9. Heat Flow Density Map of Albania (After 
Frasheri et al., 1995). 



Fig. 10. Geological-geophysical Shkoder-Kukes 
profile. 


Legend: 1 -Effusive rocks; 2- Ultrabasic rocks; 3- 
Gabbro; 4- Sedimentary formation; 5- Disjunctive 
tectonic. 


Kurveleshi anticline belt 

Here, we refer mainly to carbonate formations. 
The Kurveleshi belt consists of structures 
associated with developed tectonics and thrusting 
(5-10 km horizontal displacement) to the West, as 
well as diapirism to the east. The regional seismic 


section II-II, which crosses the Ionian zone, from 
West to east, clearly depicts perspective oil and 
gas-bearing structures. 

£ika anticline belt 

£ika anticline belt is constructed mainly by 
prolonged structures associated with evaporates 
outcropping in Xara, Fterra, £ika etc. Seismic 
surveys in this belt date back to the start of oil 
exploration in Albania and still continue today. 
Earlier one fold coverage acquisition techniques 
have been replaced in the last years by multiple 
fold coverage ones. Two main tectonic styles 
characterize the Ionian zone: Duplex tectonic and 
imbricate tectonic styles. The back thrust faults 
have been caused by retrotectonic phenomena. The 
geodynamics of the Ionian zone is related to the 
evolution of the transversal faults. These faults 
divided the Ionian basin in several blocks, since 
lower and middle Jurassic rifting. The periodical 
tectonic movement of the transverse faults has 
played an important role to this overthrusting 
phenomenon. 

The regional seismic sections clearly show that 
during the structuring process of the Ionian zone, 
(upper Oligocene to Langhian), the Sazani zone as 
well as the underlying of Southern Adriatic basin 
limestone were formed (Figs. 22 and 23). 

5. SAZANI zone is the continuation of the 
Apulian platform. It consists of a thick Cretaceous- 
Eocene limestone and dolomite formation. Marly 
deposits of Burdigalian age are placed 
transgressively over carbonate formations (Fig. 
22 ). 

The interpretation of the recent geological, 
seismic and gravity data provides a new structural 
model. The External Albanides are in compression 
tectonic regime since upper Jurassic-Cretaceous 
periods. Only to the West, the Apulian zone and 
the South Adriatic basin exhibit continuous 
extension. South-Eastern External Albanides are 
characterized by a great Southwestward overthrust 
of the anticline chains and transverse faults. 

Evaporites represent the lubrication substratum 
during this overthrusting movement. Regional back 
thrusting is also observed in the Ionian and Sazani 
zones. These structural-tectonic models indicate 
the interference of South-Westward over thrusting 
with secondary and more recent North-Westwards 
overthrusting. 
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Fig. 11. Geological- geophysical profile: Adriatic Sea- Vrith. 



Fig. 12. Geological-geophysical profile: Shengjin- Vrith. 
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Fig. 13. Geological-geophysical profile: Tirana- Bulqize- Shupenze. 

Legend: 1-Terrigeneous Tortonian formations; 2- Paleogene flysch formations; 3- Upper Cretaceous-Paleogene 
Limestone; 4- Titonian- lower Cretaceous flysch formations; 5- Upper Triassic- lower Triassic limestone; 6- 
Radiolaritic limestone with silic radiolarities; 7- Ultrabasic rocks; 8- Effusive rocks; 9- Limestone with siliceous of 
middle Triassic- lower Jurassic; 10- Overthrust plane; 11- Uplift tectonic; 12- Electrical sounding centers; 13- 
Unconformity; 14- Bouguer anomaly; 15- Magnetic anomaly; 16- Electrical sounding resistivity curve. 
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Fig. 14. Geological-geophysical profile through 
Peleogene and Cretaceous flysch exposures 
(Okshtun window). 

Abbreviations: T- Triassic; J- Jurassic, Cr- 

Cretaceous, Pg- Paleogene. 
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Legend: 1 -Quaternary gravel and conglomerate; 2- 
Detritic-argillaceous pack; 3- Sandstone- 
conglomerate; 4- Volcanic rocks; 5- Volcanogenic 
sedimentary pack; 6- Limestone; 7- Theoretical 
YES curve; 8- Observed YES curve. 
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Fig. 15. Geoelectrical profile: Klos-Prosek over 
the Burreli Neogenes. 
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Fig. 16. Seismic reflection line in the Burreli Neogenes. 



Fig. 17. Seismic P wave velocity reversal 
deduced from seismological data (Kogiu, 1989). 


6. PERI-ADRIATIC DEPRESSION 

Overlying Peri-Adriatic Depression covers 
the Ionian, Sazani and partly Kruja tectonic 
zones. This is a depression filled with middle 
Miocene and Pliocene molasses, which are 
mainly covered by Quaternary deposits (Figs. 8, 
20, 21 and 24). Tortonian- Messinian- Pliocene 
molasses consist of a considerable number of 
sandy-clay mega-sequences. From SE to NW, the 
thickness of the molasses increases, reaching 
5000 m. Sandstone-clay deposits of Serravalian 
and Tortonian age are placed transgressively over 
the oldest ones, including limestone formations 
and they create a two-stage structure (Figs. 20 
and 24). 

In the Ionian, Kruja and Sazani zones, the 
thrusting and back thrusting degree of the 


structures and structural chains increased during 
the molasses cycle. This phenomenon often led to 
the formation of tectonic blocks within the 
carbonate section, and to the partial or complete 
development of the anticline structures. 

The Albanian sedimentary basin extends 
even in the Adriatic shelf where local Bouguer 
and magnetic anomalies are observed (Figs. 8 
and 14) (Richetti, 1980). These local gravity 
maximums coincide with magnetic field 
minimums. Some researches have reached to the 
conclusion that the Apulian platform is 
tectonically quiet. 

PALEOMAGNETIC REVIEW ON 
DYNAMIC EVOLUTION OF ALBANIDES 

The dynamic evolution of the Albanides is 
recorded in the paleomagnetic data, collected 
from the paleomagnetic studies in Albania 
(Frasheri and Bushati 1995, Frasheri et al., 1995; 
Kane et al., 1999; Kissel et al., 1992, 1994, 1995; 
Mauritsch et al., 1991, 1994; Mauritsch, 2000). 

Paleomagnetic studies show that the Ionian 
and Kruja zones encountered a joint 45°-50° 
clockwise rotation, during and after Eocene- 
Oligocene periods. This is the outcome of two 
distinct 25° rotations in the middle Miocene up to 
Plio-Pleistocene. Ionian and Kruja zones as well 
as the zones the central and Northern Albania 
divided by Vlora- Elbasan- Diber encountered 
similar rotations. Thus, the evolution of the 
External Albanides from upper Eocene up to 
present is probably continuous (Fig. 25). 

The upper Miocene formations in the Peri- 
Adriatic Depression indicate that the External 
Albanides encountered a 10-15° clockwise 
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rotation between Oligocene and upper Miocene. 
Also, Pliocene clays at the Central Albania 
indicate a 10° rotation of the External Albanides 
during the upper Miocene and lower-middle 
Pliocene. Additionally, a clockwise rotation of 
the External and Internal Albanides has been 
evidenced. This rotation is younger than 
Tortonian, compared to the general apparent 
polar displacement path from the Africa and 
Eurasia (Figs. 26 and 27). Renz and Kakariq 
Eocene limestone anticlines in the Shkoder-Peje 
transverse zone, exhibit a 31° rotation. 

Consequently, the declination of these two 
anticlines is smaller than the declination of the 
Eocene limestone in the Central Albania (18°). 
These two anticlines undertook two distinct 
rotations. One rotation is clockwise (50°) which 
is typical for External Albanides. The second 
rotation is counterclockwise (25°). 

Limestone samples from Albanian Alps at 
Selca area, North of the Shkoder-Peje transverse, 
indicate a 20° counterclockwise rotation which is 
the case for South Dinarides. 

Similar counterclockwise rotation is also 
recorded on Jurassic limestone present at the 
South shore of Shkodra lake. This indicates that 
both formations belong to the same tectonic zone. 
Shkoder-Peje transverse area has great tectonic 
influence over Cukali subzone, where rotation 
changes from counterclockwise to clockwise be 
observed in very short distances. In the North- 
Western edge of the Mirdita zone, at the Komani 
ophiolithic belt, declinations show the clockwise 
rotation of the effusive and sedimentary rocks. 

Thus, Shkoder-Peje lineament defines a 
transition zone which separates the Albanian 
Alps and the Dinarides (counterclockwise 
rotation), from Albanides and Hellenides 
(clockwise rotation). 

Magneto-biostratigraphic studies performed 
at Kgira area in Mirdita zone, show alternation of 
normal and inverse magnetization in the 
Spathian-Anisian section. Kgira Pole presents 
affinity with Western Gondwana after restoration 
for the Neogenes (Muttoni et al., 1996). 

Samples from the ophiolithic belt in Internal 
Albanides (Qafezezi South of Korga district 
through Kalimashi area in Kukesi ultrabasic 
massif NE Albania) exhibit the same declination 
as the ones from the Hellenides ophiolithic belt. 


CONCLUSIONS 

1. Albanides, the assemblage of geologic 
structures, which extend in the Albanian territory, 
between the Dinarides and the Hellenides consist 
of two major Internal Albanides and the External 
Albanides. 

2. Earth Crust of the Albanides exhibits a 
block structure controlled by a system of NW-SE 
longitudinal faults as well as transverse ones. 
Some of these faults separate even the tectonic 
zones and are linked to the geothermal fields of 
the Albanides. 

3. The Mirdita ophiolithic complex causes a 
gravity anomaly chain and a turbulent magnetic 
field of relatively low intensity. This geophysical 
evidence supports the allochthon character of 
ophiolithic belt. According to the gravity data the 
thickness of the ophiolithic belt varies from 6 to 
14 km to the East (ultrabasic massifs), while it is 
less than 2 km to the West. 

4. The tectonic zones of the External 
Albanides are in compression tectonic regime 
since the upper Jurassic-Cretaceous. The Western 
part of external Albanides, the Apulian zone and 
the South Adriatic basin are in continuous 
extension. 

5. The geophysical data show that the 
orogene front of the Albanides is in the Adriatic 
Sea. The Ionian and Sazani zones in the Adriatic 
Sea Shelf extend over the Apulian platform. 

6. The Internal and the External Albanides 
have a Southwestward nappe character. 

7. Paleomagnetic studies have demonstrated 
that assemblage of the Albanides margin 
encountered a clockwise rotation of about 45°, 
after upper Oligocene. This rotation happened in 
two phases. This is also the case for the Western 
margin of the Hellenides. Shkoder-Peje 
transverse fault represents a transition zone 
between the clockwise rotation of the Albanides 
and Hellenides and the counterclockwise one of 
the Dinarides. For the rotation pole located at 
Shkoder-Peje transverse fault in Southern 
Albania, the horizontal displacement is about 173 
Km. 
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Fig. 18. Geological-geophysical profile: Alps-Cukali-Mirdita zones, over the Shkoder- Peje Transverse. 
Legend: as in Fig. 14. 



Fig. 19. Reflection seismic line in the Tirana Neogene Depression. 
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Fig. 20. Regional seismic reflection line in Ionian and Peri- Adriatic Depression. The vertical axis denotes 
two way travel time in ms (maximum time 7500 ms). The length of the line is approximately 35000 m. 



Fig. 21. Geological-geophysical profile Albanid-1: Falco Adriatic Sea- Seman-Kugove- Bilisht (The 
gravity data for the Adriatic Sea after Richetti, 1980). 

Legend: as in the Fig. 14. 
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Fig. 22. Geological profile of Sazani-Zvemec in Vlora district. Legend as in Fig. 14. 





Fig. 23. Geological-geophysical profile: Saranda-Gjirokastra region. 
Legend: as in Fig. 14. 
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Fig. 24. Geological profile: Divjaka brachi anticline in Peri-Adriatic Depression. 
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Fig. 25. Paleomagnetic Declinations Map of the External Albanides (After Kisel et al., 1994). 
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Fig. 26. Regional Paleomagnetic Declinations around Adriatic Sea and expected paleomagnetic declination 
for Africa during the Eocene-middle Pliocene period (After Speranza, 1995). 



Fig. 27. Schematic evolution of the orientation of Albanides-Hellenides and Dinaride structures during the 
Cenozoic era, (After Speranza, 1995). 
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Abstract 

Large numbers of geothermal energy of low enthalpy resources are located in different 
areas of Albania. Thermal waters are sulfate, sulfide, methane, and iodinate-bromide types. 
Thermal sources are located in three geothermal zones: 

Kruja geothermal zone represents a zone with bigness geothermal resources. Kruja zone has a 

O Q 

length of 180 km. Identified resources in carbonate reservoirs are 5.9x10 -5.1x10 GJ, 

Ardenica geothermal zone is located in the coastal area of Albania, in sandstone reservoirs. 
Peshkopia gjeotermal zone at northeastern area of Albania. Several springs are located with 
disjunctive tectonics of the gypsum diapir. 

The geothermal situation in Albania offers three directions for the exploitation of 
geothermal energy: 

• Firstly, the uses of the heat flow of shallow geological section for heating and 
cooling of the buildings. Integrated exploitation and cascade direct use of the 
geothermal energy must realize by integrated scheme of geothermal energy, heat 
pumps and solar energy to fulfill. 

• Secondly, thermal sources of low enthalpy are natural sources or wells in a wide 
territory of Albania. They represent the basis for a successful use of modern 
technologies for a complex and cascade exploitation of this energy, achieving an 
economical effectiveness: 

1. SPA clinics for treatment of different diseases and hotels for ecotourism. 

2. The hot water for heating and sanitary waters of the SPA and hotels, greenhouses and 
aquaculture installations. 

3. From thermal waters it is possible to extract chemical microelements. 

• Thirdly, the use of deep abandoned oil and gas wells as “Vertical Earth Heat Probe”. 
Actually in Albania the study of the possibilities of exploitation of the geothermal energy has 
begun. The aims of the project are to examine, demonstrate and disseminate the positive technical 
and financial aspects of transfer and utilization of innovative geothermal energy technologies in 
Albania. 
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1. INTRODUCTION 

In Albania, rich in geothermal resources of low enthalpy and mineral waters, new technologies of 
direct use of geothermal energy are still untouched. Large numbers of geothermal energy of high 
and low enthalpy resources, a lot of mineral water sources and some CO 2 gas reservoirs represent 
the base for successfully application of modem technologies in Albania, to achieve economic 
effectively and success of complex exploitation. 

Actuality, there are many geothermal, hydrogeological, hydrochemical, biological and medical 
investigations and studies of thermal and mineral water resources carried out in Albania. The 
results of the geothermal studies carried out in Albania are presented in maps and geothermal 
sections. Temperature maps have been drowning for different levels of up to 5000m depth. 
Geothermal gradient, heat flow density and geothermal resources maps have also been drawn. 
The natural springs with thermal waters and the geological structures with high water temperature 
have also been mapped. Generally, these investigations and studies are separated each from the 
other. Their information and data will serve for studies and evaluations in Albania regional scale. 
These studies and evaluations are necessary to well know in regional plane the thermal and 
mineral water resources potential and geothermal market of the Albania. 

According to results of these new studies, the evaluation for the perspective level of the best areas 
in country will be necessary. After the evaluation is possible to start investments in these areas. 
Integrated exploitation and cascade direct use of the geothermal energy will realized by integrated 
scheme of geothermal energy, heat pumps and solar energy to fulfill. This scheme has an 
environmental benefit by using renewable energies (geothermal energy, solar energy), new 
technologies (heat pumps) and energy savings (cascade scheme). Cascade scheme should be used 
to fulfill the thermal energy demand for the selected area in order to get the maximum benefit 
from geothermal energy and the minimum energy supply from heat pumps: the promotion of 
energy savings will be in place. 

Exploitation of geothermal energy will have a direct impact in the development of the regions, by 
increasing their per capita income and at the same time ameliorating the standard of living of the 
people. These investments will be profitable in a short period of time. 

2. GEOTHERMAL ENERGY RESOURCES IN ALBANIA 


2.1. Methodic 

The results of the geothermal studies carried out in Albania are presented in maps and geothermal 
sections. Temperature maps have been drowning for different levels of up to 5000m depth 
(Frasheri A. et al. 1995, 1996, 2004). Geothermal gradient, heat flow density and geothermal 
resources maps have also been drawn. The natural springs with thermal waters and the geological 
structures with high water temperature have also been mapped (Frasheri A. 1992, Frasheri A. et 
al. 1995). The water basins with higher average temperature than that of yearly average in one of 
the regions has been studied as well. The study of the possibility of exploitation of abandoned 
deep oil wells as “Vertical Earth Heat Probes” has already begun. 
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2.2 Geothermal Features 

The Albanides form an integral part of the southern branch of the Mediterranean Alpine orogen. 
They are subdivided in two zones: the Internal and the External Albanides. The geology of 
Albanides creates the premises for the research and exploitation of natural geothermal energetic 
resources. 

_2 

The greatest heat flow density with a value of 42 mW-nT is found in the center of the Preadriatic 
Depression (Fig. 1). In the east of the ophiolitic belt heat flow density reaches values of up to 60 
mW-nT 2 . 


The temperature at a depth of 100m ranges 6.7 to 18.8°C, in average 16.4°C (Fig. 2) and at a 
depth of 500m from 21 to 27.7°C.The temperature ranges up to 105. 8°C at a depth of 6000m. In 
the central part of the Preadriatic Depression, there are many deep oil wells where the 
temperature reaches up to 68°C at a depth of 3000m (Fig. 3). 

The geothermal gradient has the highest value about 18.7 mK-m" 1 in the center of the Peri 
Adriatic Depression. Elsewhere the gradient is mostly 15 mK-m' 1 (Fig. 4, 5). In the south of the 
country the geothermal gradient has low values 11.5-13 mK-m' 1 . Towards the northeastern and 
southeastern regions of Albania, over the ophiolitic belt, the geothermal gradient increases, 
reaching the value of 23.5 mK-m" 1 . 


2.3. Geothermal Areas and Reservoirs 

In Albania there are many thermal springs and wells of low enthalpy (Fig. 6, Tab. 1) (Frasheri A. 
et al. 1997, 2004) . 

Tab. 1 


Thermal water sources and wells in Albania 


Type of the source 

Location 

Tempe-rature, 

(°C) 

Salt, 

(mg/I) 

Yeild, 

l/sec 

Natural Spring 

Llixha Elbasan, Peshkopi, 
Krane (Sarande), 

Langaric (Permet), 

Shupal (Tirane), 
Sarandoporo (Leskovik), 
Postenan (Leskovik) 
Tervoll (Gramsh), 
Mamurras (Tirane). 

21-60 

0.3-26 

10-40 

Deep wells 

Peri Adriatic Depression and 
in the Kruja tectonic zone 

29.3-65.5 

1-19.3 

0.9-18 


These thermal water springs and wells are mainly near zones of regional tectonic fractures. 
Generally the water circulates through carbonatic rocks of the structures and evaporitic beds at 
some kilometers of depth. The water of these springs contains salt, absorbed gas and organic 
matter. They are sulfide: methane, iodine-bromium and sulfate types. The waters come from 
different depth levels (800-3000 m) of limestone reservoirs and sandstone reservoirs. Thermal 
sources are located in three geothermal zones (Fig. 6): 
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Kruja geothermal zone represents a zone with bigness geothermal resources. Kruja zone has a 
length of 180 km. Identified resources in carbonate reservoirs are 5.9xl0 8 -5.1xl0 9 GJ, 

Ardenica geothermal zone is located in the coastal area of Albania, in sandstone reservoirs. 
Peshkopia gjeotermal zone at northeastern area of Albania. Several springs are located with 
disjunctive tectonics of the gypsum diapir. 

3. DIRECTIONS FOR THE EXPLOITATION OF GEOTHERMAL ENERGY OF LOW 

ENTHALPY IN ALBANIA 

The geothermal situation of low enthalpy in Albania offers following directions for the 
exploitation of geothermal energy, which is unused until now. This exploitation will realized by 
integrated scheme of geothermal energy, heat pumps and solar energy, and cascade use of this 
energy (Frasheri A. 2000, Frasheri A. et al. 1997). 

• Firstly, space heating and cooling using ground heat by the Borehole Heat Exchanger (BHE), 
in the shallow (about 100 m depth) boreholes. 

• Secondly, thermal sources of low enthalpy and of maximal temperature up to 80°C. These are 
natural sources or wells in a wide territory of Albania, from the South near Albanian-Greek 
boundary to Northeast districts in Diber Region. 

Thermal waters of springs and wells in Albania may be used in several ways: 

1. Modem SPA clinics for treatment of different diseases and hotels, with thermal pools, for 
development of eco-tourism. 

Such centers may attract a lot of clients not only from Albania, because not only the good 
curative properties of these waters but also because they are situated in nice places near sea side, 
mountains or Ohrid lake. In the present some SPA, with a primitive technology, worked in some 
geothermal springs and wells in Albania. 

The oldest and important is Elbasani Llixha SPA, which located about 10 km south of Elbasani 
city and 61 km in south-east of Tirana, in the Central part of Albania. By national road 
communication, Llixha area is connected with Elbasani and Tirana. Only 10 km will be from the 
highway Durresi- Skopje- Sofia- Istanbul, which is projected for construction in the future and 
nominated as No. 8 European Corridor. This area may be frequented by a large number of people 
from different countries. These thermal springs from about 2000 years ago are known. According 
to historic data, in Elbasani Llixha thermal springs there has been a center near of the old road 
“Via Egnatia" that has passed from Durresi to Constantinople. Numer of the Albanian patients 
treated for rheumatism and various illnesses in Elbasani Lixha SPA in maximum are 7899 
person/year. All seven groups of the springs in Llixha Elbasani and Kozani-8 well geothermal 
area will have the possibilities for modern complex exploitation. The beautiful landscape of 
Elbasani Lixha area will be not only for medical treatment but also as tourist place. This area 
located near of the very know Ohrid Lake pearl or mountains Gjinari, with their fantastic forests 
and nice climate. Ishmi 1/b geothermal well is located in beautiful Tirana field, near of Rinasi 
(Tirana) Airport, near of the Adriatic coastline and Kruja - Skendergeg Mountain. 
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Benja and Sarandaporo thermal water areas and Postenani steam springs are located near of the 
beautiful Vjosa River valley. Peshkopia geothermal springs area is located near of the Korrabi 
Mountain, higher mountain in Albania (2753m). The beautiful landscape of Vjosa valley, near 
Albanian-Greek border, and Peshkopia area near of the Debar region in Macedonia, will be not a 
thermal water bearing place for medical treatment but also as tourist place. 

2. The hot water can be used also for heating of hotels, clinics and tourist centers, as well as for 
the preparation of sanitary hot water used there. Near these medical and tourist centers it is 
possible to built the greenhouses for flowers and vegetables, and aquaculture installations. 

3. From thermal mineral waters it is possible to extract very useful chemical microelements as 
iodine, bromine, chlorine etc. and other natural salts, so necessary for preparation of creams for 
the treatment of many skin diseases as well as for beauty care products. From these waters it is 
possible to extract sulphidric and carbonic gas. It is possible to built installations for processing 
of mineral waters. 

Consequently, the sources of low enthalpy geothermal energy in Albania, which are 
at the same time the sources of multi-element mineral waters, they represent the basis for a 
successful use of modern technologies for a complex and cascade exploitation of this energy, 
achieving a economical effectiveness. Such developments are useful also for the creation of new 
working places and improvement of the level of life for local communities near thermal sources. 

• Secondly, the use of deep doublet abandoned oil and gas wells and single wells for geothermal 
energy, in the form of a “Vertical Earth Heat Probe”. The geothermal gradient of the Albanian 
Sedimentary Basin has average values of about 18.7 mK-m' 1 . At 2 000 m depth the 
temperature reaches a value of about 48 °C. In these single abandoned wells a closed circuit 
water system can be installed. Near of these wells, can be build greenhouses. 

Actually in Albania the study of the possibilities of exploitation of the geothermal energy 
has begun. Based on the above analysis, for the best area selected, a Feasibility Study will be 
performed to analyze three components: energy supply, environmental impact and financial 
aspects, and to suggest the best solution of the innovative geothermal energy utilization 
technology applications in that area. 

4. ALBANIAN GEOTHERMAL ENERGY MARKET 

Objectives of market study: 

• Evaluation of present status of geothermal development in Europe, particularly in Balkan 
countries, regarding promotion activities, results, application, barriers for market penetration, 
legal and financial framework, etc. 

• Comparison of present status between the different Albanian regions. 

• Identification of the attitude and feelings (awareness, knowledge, preference, etc.) for the target 
groups towards geothermal energy. 
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• Identification of the attitude and feelings of the target groups towards environmental aspects of 
geothermal energy. 

• Evaluation of the outcome of promotion methods adopted by EU and national institutions. 

• Formulation of proposals for effective promotion strategies for geothermal energy in Albania. 

Amend above proposals in order to transform them to effective promotion strategies for 
geothermal technologies in Albania. 


4.1. Space heating and cooling 


The energy crisis prevailing in the Albania, the increased demand in energy for heating and 
cooling of premises. Actually, the electric energy consummation for heating is 1 375 
GWh/year, or 23.8 % of the total electric energy production in Albania (Fig. 7) (National 
Agency of Energy, Tirana, 2003). The situation becomes more problematic because the use 
of natural gas for heating emits large quantities of CO 2 in the atmosphere. 


MW 


d Heating P ewer, 1375 Q/Vh, 23.8% of the total 
■ Average Power without heating, 4400 GWh 



Hours 


Fig. 7. Consummation for heating is 1 375 GWh/year, or 23.8 % of the total electric 

energy production in Albania 


Direct use of the ground heat by Borehole heat Exchanger-Geothermal Heat Pump 
represents a modern system for space heating and cooling. Two types of shallow heat sources 
exist: ground heat and underground waters heat. Consequently two kind of technology is possible 
to applied: 

Firstly, ground-source and Borehole heat Exchanger-Geothermal Heat Pump or ground- 
couplet (closed loop) (Fig. 8), 

Secondly: underground water system - Geothermal Heat Pump (open loop). Ground 
coupling is used where insufficient well water is available or where quality of the well water is a 
problem. 
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Fig. 8. Borehole Heat Exchanger-Geothermal Heat Pump System 

In order to make use of this renewable geothermal energy and environmental friendly ground heat 
for space heating and cooling in Albania, we have introduced the idea of building a demonstrative 
installation for heating and cooling purposes in Tirana (Frasheri et al. 2003). It will contribute in 
solving the problematic issue of heating and cooling of premises in Albania. 

Heat quantity, temperature at Earth surface, and geothermal gradient in shallow geological 
section, are conditioned by geographical location, geomorphological conditions, ground and 
bedrocks lithology, specific heat and humidity, seson and weather. According to the multy annual 
meteorological surveys result that in average is 140,000 calory. cm" 2 heat from solar radiation of 
the ground during the summer at the plane areas of the Albania. Heat quantity reaches 120,000 
calory. cm" 2 at noertheaster mountains regions [Gjoka L., 1990]. 

There are some particularities in the distribution of the temperature at the depth 100m 
(Fig. 2): 

Temperature in subsurface ground at littoral area : 

Minimal temperature is 16.60 °C 
Maximal temperature is 18.80 °C 
Average temperature is 17.80 °C 

Temperature in subsurface ground at western plane-hilly area: 

Minimal temperature is 17.15 °C 
Maximal Temperature is 18.41 °C 
Average Temperature is 18.0 °C 

Temperature in subsurface ground at hilly -mountains regions: 

Minimal temperature is 6.70 °C 
Maximal temperature is 18.60 °C 
Average temperature is 14.75 °C 
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In plane area of Albania, example in the Tirana field (Rinasi), the temperature is 15.5 °C, 
up to logging depth 31 m, in the Quaternary deposits (Fig. 9) (Frasheri et al. 2003). 



Fig. 9. Ground temperature at Tirana Area 


According to the analyse of the geothermal regime of the shallow geological section is 
concluded that is possible to use the ground heat for the space heating and cooling, applied 
modern Borehole Heat exchanger - geothermal Heat Pump. 

Ground geothermal energy has heated the underground water reservoir (Fig. 10). In 
Tirana underground water basin are following temperatures: 

Water temperature of the Quaternary gravel layer is 14-15 °C, 

Water temperature of the Quaternary sandstone layers is 15-16°C 





Fig. 10 . Borehole in underground water basin in Tirana region 
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Consequently, concluded that water of the Tirana underground basin can be a heat source for the 
geothermal pumps. 

COST FOR HEATING SYSTEMS 

Total surfaces of 3 floors 610 m 2 , 20 rooms, 3 halls, 7 restrooms. 

Heating: by heat conveying-radiators 


Heating Capacity 

68.5 KW 


Installation cost 

Total, 

Specific, 


(in Euro) 

(in Euro/m2) 

- Borehole-Geothermal Heat Pump 

43.000 

71,66 

- Gas boiler 

21.000 

35,00 

- Air-Air conditioners, type “General’ 

’ 15.600 

26,00 


Yearly of the electrical energy or gas consumption and cost: 

a) Borehole-Geothermal Heat Pump 42.447 KW 4.295 Euro 

b) Gas boiler 15.654 Liter gas 14.089 

c) Air- Air conditioners 1 19.340 KW 1 1 .982 

d) Electrical heat conveying-radiators 175.500 KW 17.480 


Yearly cost of heating energy: First year Second year 


In Euro/KW 

in - Euro/m 2 

in - Euro/KW 

in - Euro/m 2 

Borehole-Geothermal Heat Pump 

691,4 

77,5 

62,7 

4,07 

Gas boiler 

513,2 

57,5 

205,9 

23.09 

Air- Air conditioners 

403,2 

45,2 

175,2 

19,64 


Payback period for installation of the “Borehole-Geothermal Heat Pump” System investment: 

2.2 years, only by yearly savings of the expenses for boiler gas 
2 years, only by yearly savings of the expenses for electrical energy for conditioners 
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4.2. Consumers for geothermal energy & thermal water (heat, spa, cooling, power production, 
drinking water, aquaculture, agriculture) 

At the present, some spa, with a primitive technology, worked in geothermal springs and wells in 
Albania: Lixha Elbasani (Photo 7), Bilaj Balneological Center (Ishmi 1/b well) (Photo 8), 
Peshkopia (Diber district) SPA (Photo 9), Sarandaporo (Leskovik Disrict) SPA, Langarica-Ura 
Kadiut (Permeti District) SPA. 

The oldest and important is Elbasani Llixha SPA, which located about 10 km south of Elbasani 
city and 61 km in southeast of Tirana, in the Central part of Albania. By national road 
communication, Llixha area is connected with Elbasani and Tirana. Only 10 km will be from the 
highway Durresi- Skopje- Sofia- Istanbul, which is projected for construction in the future and 
nominated as No. 8 European Corridor. The proximity with highways create great possibilities for 
Elbasani Lixha SPA to be a nice place. This area may be frequented by a large number of people 
from different Balkan countries, Italy, UK, Germany, Ostrich, France, Low Countries, and by 
Albanians from Albania, Macedonia and Kosovo as well. These thermal springs from about 2000 
are know years ago. According to historic data, in Elbasani Llixha thermal springs there has been 
an inn, near of the old road “Via Egnatia" that has passed from Durresi to Constantinople. 



Llixha Elbasani Geothermal Springs Area 


There are seven spring groups that extend like a belt with 320° azimuth. Surface water 
temperature is about 60°C and yield in total 15 1/sec. Springs have constant hot water yield and 
temperature for a long period of time. These data are evidence of a stable thermo-hydrodinamic 
reservoir regime. 

Before the Second World War, in one from the springs (“Nosi spring”) has been constructed “ 
PARK-NOSI” SPA (***), with 166 beds, for medical treatment of various diseases, generally 
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rheumatic. The “NOSI” SPA functioned during a period of time more than 60 years and for the 
present is private property. Land with surface of 20 000 m 2 , hotel and restaurant are owned by 
PARK NOSI Sh.p.k.. Particularly reconstructed hotel after the privatization actually is in work. 
Near this property there is located a public hotel, with 180 beds, almost in destruction state, but 
which may be reconstruct. 



Park Hotel SPA at Llixha Elbasani Geothermal Springs 


Albanian patients treated for rheumatism and various illnesses in Elbasani Lixha SPA are: 
in 1990 7899 persons (Public two hotels) 

1994 3603 persons (after the privatization, only in Park NOSI Hotel) 

2002 1800 persons, generally retained seek people (only in Park NOSI Hotel. In 

Elbasani spa actually are three hotels). 

The price in PARK-Nosi SPA, for day’s treatment (hotel, meal and treatment) in SPA, for 
Albanian patient, in actual economical situation, is 10 USD/day, (VAT Is included in the price). 
This is a more chipper price compared with hotels in Elbasani city, regarding accommodation and 
breakfast only. From 40 to 240 USD per dayare actually the price in Tirana hotels. About this 
price, it is necessary to expose the following: In the future, the increase of price for daily 
treatment of the patient in spa, will be increase also the profit, according to: 

Firstly, improvement of the medical treatment, of the accommodation and food conditions 
in the spa. SPA will be visited by Albanian or foreign tourists, not only olid and retired perople, 
like at the present. 

Secondly, from foreign and Albanian patients, the spa frequenting demand will be 
increase, according to new situation of the supply and demand. 

Thirdly, the life level of Albanian people will be higher. Spa will be frequenting by 
Albanians from Macedonia and Kosovo, which have more high economic level. 

Land price in Elbasani region, in 1996, has been 5-7 USD/m 2 . 

Actually, is not a law for thermal waters in Albania, last year has been prepared the draft of the 
law. The PARK NOSI Sh.p.k. Llixha Elbasani, is using thermal spring as ex-owner of spa before 
the Second World War. SPA in Ishmi well area and Sarandaporo spa have been private in 1993 
and 1998 respectively. 
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All seven groups of the springs in Llixha Elbasani and Kozani-8 well geothermal area will have 
the possibilities for modem complex exploitation. The beautiful landscape of Elbasani Lixha area 
will be not only for medical treatment but also as tourist place. This area located near of the very 
know Ohrid Lake pearl or mountains Gjinari, with their fantastic forests and nice climate. Ishmi 
1/b geothermal well is located in beautiful Tirana field, near of “Mother Theresa” Rinasi (Tirana) 
Airport, near of the Adriatic coastline and Kruja - Skendergeg Mountain. There are all the 
possibilities for the echo-tourism development: thermal water, Ishmi beach at the Adreatic Sea , 
and mountain’s area. 

Benja and Sarandaporo thermal water areas and Postenani steam springs are located near of the 
beautiful Vjosa River valley. Peshkopia geothermal springs area is located near of the Korrabi 
Mountain, higher mountain in Albania (2753m). The beautiful landscape of Vjosa valley, near 
Albanian-Greek border, and Peshkopia area near of the Debar region in Macedonia, will be not a 
thermal water bearing place for medical treatment but also as tourist place. 
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Geological dZiki financial possibilities to caver geological U§K 

No geological and financial risk for the exploitation of thermal water of geothermal springs and 
wells in Albania. 

Traffic connections : roads, railways, navigation , and possibilities for transport of heavy goods 

The Ishmi-l/b well is located in Ishmi area and represents the northernmost geothermal well of 
the Kruja geothermal area. It is located in 20 kilometers NW of Tirana (near of “Mother Theresa” 
Tirana Airport). By national road communication, Ishmi 1/b well is connected with Tirana, 
Tirana Airport, Durresi and Shkodra cities. 



Kozani-8 well is located 35 kilometers southeast of Tirana, on hill’s area. Well connected by 1.7 
km road with Tirana-Elbasani national road, and hightway “Corridor 8” Durresi-Elbasan-Skopje. 
One km from Kozani 8 well located Saint George Vladimir Monastery. 
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Elbasani Llixha SPA is located about 12 km south of Elbasani city and 61 km in south-east of 
Tirana, in the Central part of Albania. By national road communication, Llixha area is connected 
with Elbasani and Tirana. Only 10 km will be from the highway Durresi- Skopje- Sofia- Istanbul, 
which is projected for construction in the future and nominated as No. 8 European Corridor. 
These thermal springs from about 2000 are known years ago. According to historic data, in 
Elbasani Llixha thermal springs there has been an inn, near of the old road “Via Egnatia" that has 
passed from Durresi to Constantinople. 

Peshkopia geothermal springs are connected with Tirana by national road (182 km). 
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Benja-Langarica, Postenani and Sarandaporo geothermal springs areas are located near of the 
national road Tirana-Permeti (about 217 km)-Konistza (Greece). 


5. THE AIMS AND OBJECTIVES OF THE PROJECT FOR DIRECT USE OF 
THERMAL WATERS OF LOW ENTHALPY 

5.1. The aims of the project 

To examine, demonstrate and disseminate the positive technical and financial aspects of transfer 
and utilization of innovative geothermal energy technologies in Albania, which will have a direct 
impact in the development of the regions by increasing their per capita income and at the same 
time ameliorating the standard of living of the people. 

This development will be achieved in parallel with the reduction of any negative environmental 
effect, which would have followed this type of development if older geothermal energy 
technology or even conventional sources of energy were to be utilized. Significant financial, 
social and technical benefits will arise from the promotion and final application of the results of 
this project. 

5.2. Objectives: 

Integrated exploitation and cascade direct use of the geothermal energy has projected. 

The objectives of the project: 

5.1. Geothermal energy and mineral water resources evaluation of country 

5.2. In-situ detailed investigation of the pre-selected zones with high energy potential & 
consumers geothermal source, where will installed demonstrative unit. 

Among others this task will be concerned with: 

-Intentions of users-thermal load inspections 
-Initial energy balance analyses 
-Thermal characteristics of individual users 
-Technical geothermal data collection 
-Examination of existing technology 

It is necessary to select the thermal applications, which correspond to the local needs. The 
following will be defined: 

a ) In situ consideration of geothermal physical-chemical parameters and potential 

b) Thermal load demands for space heating for each end-user of geothermal sources: 

- Dwellings, 

- Geothermal SPA, 

- Greenhouses, 

- Geothermal pools, etc., 
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Aquaculture, 

- Mineral waters production 

- Extraction of the micro-elements and natural salts 

b) Energy balance between different end-users, 

c) Technologies to be applied 

d) Preliminary design of the geothermal energy exploitation system 

e) Definition of thermal demands 
i) Energy conservation, and 

k) Economic evaluation of thermal energy (space heating and hot water production installation 
cost, life cycle, energy product cost, pay back period). This evaluation will be based on actual 
market prices for equipment, construction etc. 

Based on the above analysis, for the best area selected, a feasibility study will be performed to 
analyze three components: energy supply, environmental impact and financial aspects, and to 
suggest the best solution of the innovative geothermal energy utilization technology 
applications in that area. 

5.3. Environmental protection and preserving level will be improved, to well assist the echo- 
system protection of thermal and mineral water source areas. 

Among other subjects this phase will focus mainly on: 

-Examination of the nature of the geothermal fluid 

-Environmental impact of the geothermal fluids during their utilization and disposition 
- Selection of the most acceptable environmentally methods for the disposal of the geothermal 
fluids 

5.4. The concrete detailed design for the implementation phase of the Project will be prepared. 

Task 1 . Demonstrative units (pilot plants) will be constructed, monitored and finally 
demonstrated. These demonstrative units will assist in the promotion of the new innovative 
technology application facilitating in parallel the transfer of this innovative technology to end 
users as well as industrial production. 

The proposed schemes represent an integrated scheme and cascade scheme for exploitation of 
geothermal energy. This exploitation will realize by integrated scheme of geothermal energy, 
heat pumps and solar energy to fulfil. This scheme has an environmental benefit by using 
renewable energies (geothermal energy, solar energy), new technologies (heat pumps) and energy 
savings (cascade scheme). 

Cascade scheme should be used to fulfil the thermal energy demand for the selected area in order 
to get the maximum benefit from geothermal energy and the minimum energy supply from heat 
pumps: the promotion of energy savings will be in place. 
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These demonstrative units will make researcher and scientists aware, on-site, of specific plant 
operational problems, new technology implementation problems and finally assist to their in situ 
solution. 

These pilot demonstrative units will help potential users overcome psychological barriers towards 
the utilization of new innovative technologies for direct application. 

Task 2: A promotion and tourist agency will be organized. This agency will prepare the reclaims 
and booking of the rooms for Albanian and foreign patients. 

6. APPLICATION AND TRANSFER TECHNOLOGY FOR A COMPLEX AND 
CASCADE EXPLOITATION OF GEOTHERMAL WATERS ENERGY 

6.1. Construction of thermal supply installations: 

1. Installation of pipe - distribution system 

2. Heat exchanger 

2. Distributors 

3. Control Room-Monitoring. 

6.2. Construction of the experimental units for exploitation of the geothermal energy: 

1. Building of spa, with 30-40 beds, for the medical treatment (gynecological and 
rheumatic diseases), 

2. Construction of heating installation in the buildings 

3. Construction of the greenhouse for the flower. 

4. Construction of the greenhouse for the legumes. 

5. Construction of thermal pool for tourists, wardrobe and bar. 

6. Installation of equipment for extraction microelements and natural salts. 

Feasibility Study 

Technical and financial feasibility study for innovative geothermal energy utilization 
technology applications. Market penetration of geothermal energy. 

Economic evaluation should include: 

• First investments for the proposed schemes (integrated scheme, cascade scheme); 

• Evaluation of thermal energy (space heating and hot water production) unit cost produced by 
integrated scheme: geothermal energy, heat pumps and solar energy; 

• Evaluation of benefits (in financial terms) through comparison with the classical scheme of the 
proposed integrated and cascades scheme; 

• Other benefits will be assessed for example the environmental benefit by using renewable 
energies (geothermal energy, solar energy), new technologies (heat pumps) and energy savings 
(cascade scheme). 

Among others and for one of the two application cases this phase will be examine: 

• Preliminary consideration for each case 

• Definition of the main parameters affecting each system 

• Analysis of the effect of the different parameters 

• Selection of the "basic" application cases/techniques 
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• Design of the system 

• Selection of alternative cases 

• Final technical conclusions 

Based on the above analysis, for the best area selected, a Feasibility Study will be 
performed to analyze three components: energy supply, environmental impact and financial 
aspects, and to suggest the best solution of the innovative geothermal energy utilization 
technology applications in that area. 

7. PRELIMINARY COST FOR THE INVESTMENT 

Cost estimation is carried out only for the first phases, to realize investment step by step: 


No 

Object 

Cost, 
in USD 

1 

Reconstruction of heating and thermal baths 

50 000 

2 

Construction of two thermal water unit equipment’s 

80 000 


Construction of green houses, 2 * surface 3 000 m 1 2 

240 000 

4 

Construction of new SPA Clinic and for new hotel 
building), (****) 

2 200 000 

5 

Feasibility study and project idea 

53 000 

9 

Other Expenditures 

20 000 

10 

Overhead rate 

15 000 


TOTAL exc. VAT 

2 418 000 


8. ECONOMICAL-FINANCIAL EVALUATIONS 


HOTEL-SPA, First Phase: 25 bed rooms, 40 beds. 

Currency: USD Inflation rate: 3.5% 

Table 1 


Economic bases 

Years 

1st 

2nd 

3rd 

4th 

5th 

1 . 

Number of rooms (1) 

25 

25 

25 

25 

25 

2. 

Number of beds 

40 

40 

40 

40 

40 

3. 

Days of operation 

280 

280 

280 

290 

290 

4. 

Food&beverages-facilities 

280 

280 

280 

290 

290 

5. 

Guest structure and room price 

100% 

100% 

100% 

100% 

100% 

6. 

Average room occupancy 

72 

74 

75 

75 

75 

7. 

Average room price 

50 

50 

55 

55 

60 


1) Hotel has 15 doubles rooms and 10 single rooms 

Rata: Single room 50 USD; Double room 70 USD (Include VAT) (Present room’s rate in *** 
Hotels in Tirana) 

Supplementary facilities: 

1. Outdoor-indoor thermal & swimming pool 

2. Ball sports (tennis, volleyball, basketball) 

3. Recreation (sauna, Turkish bath, solarium) 

4. Fitness Center with aerobic 

5. Restaurant, bar 
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6. Meeting room 

7. Others (rent a car, coiffeur, boutiques) 

9. APPLICATION AND TRANSFER TECHNOLOGY FOR A COMPLEX AND 
CASCADE EXPLOITATION OF GEOTHERMAL WATER ENERGY 

9.1. Construction of thermal supply installations: 

• Installation of pipe - distribution system 

• Heat exchanger 

• Distributors 

• Control Room-Monitoring. 

9.2. Construction of the experimental units for exploitation of the geothermal energy: 

• Building of SPA, with 30-40 beds, for the medical treatment (gynecological and 
rheumatic diseases), 

• Construction of heating installation in the buildings 

• Construction of the greenhouse for the flower. 

• Construction of the greenhouse for the legumes. 

• Construction of thermal pool for tourists, wardrobe and bar. 

• Installation of equipment for extraction microelements and natural salts. 

9.3. Feasibility Study 

Technical and financial feasibility study for innovative geothermal energy utilization 
technology applications. Market penetration of geothermal energy. 

Economic evaluation should include: 

- First investments for the proposed schemes (integrated scheme, cascade scheme); 

• Evaluation of thermal energy (space heating and hot water production) unit cost produced by 
integrated scheme: geothermal energy, heat pumps and solar energy; 

• Evaluation of benefits (in financial terms) through comparison with the classical scheme of the 
proposed integrated and cascades scheme; 

• Other benefits will be assessed for example the environmental benefit by using renewable 
energies (geothermal energy, solar energy), new technologies (heat pumps) and energy savings 
(cascade scheme). 

Among others and for one of the two application cases this phase will be examine: 

• Preliminary consideration for each case 

• Definition of the main parameters affecting each system 

• Analysis of the effect of the different parameters 

• Selection of the "basic" application cases/techniques 

• Design of the system 

• Selection of alternative cases 
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• Final technical conclusions 

Based on the above analysis, for the best area selected, a Feasibility Study will be 
performed to analyze three components: energy supply, environmental impact and financial 
aspects, and to suggest the best solution of the innovative geothermal energy utilization 
technology applications in that area. 

10. PRELIMINARY COST FOR THE INVESTMENT 

Cost estimation is carried out only for the first phases, to realize investment step by step: 


No 

Object 

Cost, 
in USD 

1 

Reconstruction of heating and thermal baths 

50 000 

2 

Construction of two thermal water unit equipment’s 

80 000 


Construction of green houses, 2 * surface 3 000 m 2 

240 000 

4 

Construction of new SPA Clinic and for new hotel 
building), (****) 

2 200 000 

5 

Feasibility study and project idea 

53 000 

9 

Other Expenditures 

20 000 

10 

Overhead rate 

15 000 


TOTAL exc. VAT 

2 418 000 


11. ECONOMICAL-FINANCIAL EVALUATIONS 


HOTEL-SPA, First Phase: 25 bed rooms, 40 beds. 

Currency: USD Inflation rate: 3.5% 


Economic bases 



Years 




1st 

2nd 

3rd 

4th 

5th 

8. Number of rooms (1) 

25 

25 

25 

25 

25 

9. Number of beds 

40 

40 

40 

40 

40 

10. Days of operation 

280 

280 

280 

290 

290 

1 1 . Food&beverages-facilities 

280 

280 

280 

290 

290 

12. Guest structure and room price 

13. Average room occupancy 

100% 

100% 

100% 

100% 

100% 

14. Average room price 

72 

74 

75 

75 

75 


50 

50 

55 

55 

60 


2) Hotel has 15 doubles rooms and 10 single rooms 

Rata: Single room 50 USD; Double room 70 USD (Include VAT) (Present room’s rate in *** 
Hotels in Tirana) 

Supplementary facilities: 

• Outdoor-indoor thermal & swimming pool 

• Ball sports (tennis, volleyball, basketball) 

• Recreation (sauna, Turkish bath, solarium) 
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• Fitness Center with aerobic 


• Restaurant, bar 

• Meeting room 

• Others (rent a car, coiffeur, boutiques) 


FINANCIAL BASES 


Table 2 


Proceeds 

% 

Years 

1st 

2nd 

3rd 

4th 

5th 

1 . Room Rental 

71 






(without breakfast) 







number of rooms 


25 

25 

25 

25 

25 

*day of operation 


280 

280 

280 

290 

290 

=max. room overnight 


7 000 

7 000 

7 000 

7 250 

7 250 

* average room occupancy 




75% 

75% 

75% 

^number of room overnight 


72% 

74% 

5 250 

5 438 

5438 

* average room price 


5 040 

5 180 

55 

55 

60 

^arrangement (without 


50 

50 

288 750 

299 090 

326 280 

f&b) 


252 000 

259 000 




2.Food&beverage 

26 






a) Full Pension 


100% 

100% 

100% 

100% 

100% 

Number of consumptions 


7 056 

7 252 

7 350 

7 612 

7 612 

*Proceeds/guest 


10 

10 

11 

11 

12 

—full pension 


70 560 

72 520 

80 850 

80 850 

80 850 

b)Beverages 


21 168 

21 756 

22 050 

22 836 

22 836 

-full pension (full pens. * 3) 







Total revenues F&B 


91 728 

94 276 

102 900 

106 568 

114 180 

2.Food&beverage 

26 






b) Full Pension 


100% 

100% 

100% 

100% 

100% 

Number of consumptions 


7 056 

7 252 

7 350 

7 612 

7 612 

*Proceeds/guest 


10 

10 

11 

11 

12 

=full pension 


70 560 

72 520 

80 850 

80 850 

80 850 

b)Beverages 


21 168 

21 756 

22 050 

22 836 

22 836 

-full pension (full pens. * 3) 







Total revenues F&B 


91 728 

94 276 

102 900 

106 568 

114 180 

3. Telephone revenues 

3 

10311 

10 560 

11 750 

12 170 

13 214 

4. Shopping revenues 







5. Other revenues for rental 







TOTAL REVENUES 


354 040 

363 874 

403 399 

417 828 

458 674 









29 



581 


OPERATING 
EXPENSES 
1 .Personnel Expenses 
number of employed 
Year’s salary per employed 
Personnel Salary 
Insurance 

Personnel Expenses 

28. 

1 

37 

1 440 
36 000 
13 500 

67 500 

37 

1 4040 
36 000 
13 500 

67 500 

37 

1 560 
39 000 
14 625 

72 345 

37 

1 560 
39 000 
14 625 

72 345 

37 

1 620 
40 500 
15 187 

75 127 

2. Cost of goods sold 

19. 

1 

45 864 

47 138 

51 450 

53 284 

57 090 

3. F&B for the personnel 
(3 USD/day) 

13 

31 500 

31 500 

32 625 

32 625 

32 625 

4. Direct expenses 
Phone+fax; 
laundry +cleaning 

3 

7 080 

7 277 

8 068 

8 356 

9 073 

5. Indirect Expenses 
- energy, water 
Maintenance 
Small wares 
Travel expenses 
Insurance 
Advertising 
Marketing+Manageme 
nt 

Office material 

Bensol 

Transport 

TOTAL 

11. 

9 

28 677 

29 474 

32 675 

33 844 

37 152 

VAT, 20% 


59511 

61 164 

67 969 

70 402 

77 565 

TOTAL OPERATING 
EXPENSES 


240 132 

244 053 

265 132 

270 856 

288 632 








GROSS OPERATING 
PROFIT 


113 908 

119 821 

138 267 

146 972 

170 042 


REPAYMENT OF THE CREDIT 


Moderate credit 1 300 000 USD 
Interest: 3% 

Repayment period 15 years 


Financial bases 

Years 

i st 

2nd 

3rd 

4th 

5th 

GROSS OPERATING 
PROFIT 

113 908 

119 821 

138 267 

146 972 

170 042 

Interest 



39 000 

39 000 

39 000 

Credit repayment 

101 908 

104 821 

83 095 

89 972 

112 042 

Cumulating credit 
repayment 

101 908 

206 729 

289 824 

379 796 

491 838 

Cash flow 

12 000 

15 000 

17 300 

18 000 

19 000 


Table 3 
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Financial bases 

Years 

6th 

7th 

8th 

9th 

10th 

GROSS OPERATING 
PROFIT 

170 042 

170 042 

170 042 

170 042 

170 042 

Interest 

39 000 

39 000 

39 000 

39 000 

39 000 

Credit repayment 

112 042 

112 042 

112 042 

112 042 

112 042 

Cumulating credit 
repayment 

603 880 

715 922 

827 964 

940 006 

1 052 048 

Cash flow 

19 000 

19 000 

19 000 

19 000 

19 000 


Financial bases 

Years 

llth 

12 th 

13 th 

14th 

15th 

GROSS OPERATING 
PROFIT 

170 042 

170 042 

170 042 

170 042 

170 042 

Interest 

39 000 

39 000 

39 000 



Credit repayment 

112 042 

112 042 

23 868 



Cumulating credit 
repayment 

1 164 090 

1 276 132 

1 300 000 



Cash flow 

19 000 

19 000 

19 000 

170 042 

170 042 


payback is 13 years ft or one hotel-SPA for first their phase, 40 beds (25 rooms), for one 
moderate credit ofJ_ 300 OOP USD. 

12. WORK PROGRAMME 

Methodology 

This project must be implemented during the 3 years period, by the integration of the 
following phases: 

FIRST PHASE. 

The project must be realized using a complex of modem methods according to the 
objectives: 

1. Complex and integrated study of all geothermal data on resources of geothermal energy in 
Albania: 

• Integrated geothermal, hydrogeological, hydrochemical surveys in the sources 
and wells of geothermal energy. 

• Mathematical modeling for calculation of potential of geothermal energy in 
Albania, as well as for the study of reservoirs. 

• Geothermal and mineral water resources detailed feasibility study will be carried 
out in geothermal area. Project idea will be compiled, too. 

• Technical projects will be compiled for investments in more perspective areas. 

6 months 


SECOND PHASE. 1. Construction of thermal water unit equipment in geothermal 

springs and wells. 

2. Heating system, the thermal water unit equipment and 
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baths must be reconstructed in existing Hotels SPA. After second 
phase, all year SPA frequenting will realize. During the winter 
there are more demands for the medical treatment. 

Good conditions in the SPA will help to have patient numbers 
increasing. 


2. 


Green house, up to 3000 m 2 surface, must be constructed in the territory of 
thermal springs and wells 

6 months 


THIRTY PHASE: New Hotels-Clinic SPA hotel construction of (****) in geothermal 

areas. For the first time, the SPA Clinic and the hotel will have two or three floors, 
with the possibilities to build and 2 or three other floors in the future. In the 
ground floor will be located the restaurant, bar, medical clinic and thermal baths. 
Bedrooms will be located in the first and second floors. Thermal swimming pool 
will construct in the ground floor or in the yard. 

24 months 


FOUR PHASE: 1. Unit equipment for the extraction of chemical microelements 
and salts, C02 and H2S gas will be designed and installed. 

2. Unit equipment and collector for treatment and clearing the 
thermal water before their outflow will be designed and installed, to 
protect echo-system of the area. 

3. Promotion and tourist agency will be organized. Put in full 
efficiency of all complex of the SPA will be completed. 

10 months 

13. ECONOMIC EVALUATION OF THE PROPOSED SCHEME FOR SPACE 

HEATING AND COOLING 


A preliminary budget of the scheme Open loop: Borehole - Geothermal Heat Pump 
System for the one private residence. Two floor building has a total surface 460 m 2 . 

• Geothermal Heat Pump, with a heating capacity 42 kW, 

and cooling capacity 38 kW, after DELTA TECHNIKI Ltd Athens Greece, 

Athens, Greece price: 5 500 USD/unit 

• Installation of the Geothermal Heat Pump System 1 800 USD 

• Heating and cooling equipment (Fan-Coils, pipes etc) and 

its installation in the room 16.7 USD/m 3 , 

for 1380 m 3 for all building 23 046 USD 


• Providing water to the geothermal heating pump and 

re-injection of water in the collector after the use 

(Circulating pump, pipeline), according to the price 

index in Tirana: 7 500 USD. 

Total 37 846 


• Expenses for electrical energy, for 24 hours non-stop use of the heating and cooling system: 
• Water circulating pump 6 570 kWh/year. 
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• For Coefficient of Performance of the system C= 4, 87 600 kWh/year, 


or 23.3 Wh/rn 2 


Total 94 170 kWh/hour 


After the literature data, in Switzerland for heating of a private residence, with geothermal 
pumps, the installation costs is 28 500 Swiss Francs, whereas the heating of a residence by gas 
boiler costs 21 000 Fr. (Rybach L. et al., 1995, 2000). 

Direct use of the Geothermal Energy in Albania must start as soon as possible, first of all 
for the solving of the space heating and cooling. Will be high economic effectiveness investment. 

14. ECONOMIC EVALUATION OF THE PROPOSED SCHEME FOR 
GREENHOUSE CONSTRUCTION 


Economical evaluation has been performed for the construction of the industrial glass 
greenhouse, with sections 3.20 x 3.00 = 9.60 m 2 , and surface 500 m 2 (0.05 ha). Water source-heat 
pumps system will be used for greenhouse heating. Ten 1/sec of water, by the temperature 15-16 
°C, from the underground basin at the depth of 30 m, will be used for the heat pump supply. 

14.1. Greenhouse construction costs: 

Construction works, greenhouse heating system equipment, ventilation equipment, 
irrigation equipment, electric equipment, in total 

7 655leke x 500 m 2 = 3 827 500 leke or 32 000 USD 

Borehole, circulating line, heat pump and re-injection borehole: 2 207 385 leke 

in total: 6 034 885 leke 50 300 USD or 100.6 USD/m 2 . 


For 15 year payback period, can be estimate that in Albania, annual construction costs will be: 

402 325 leke/year or 3 353 USD/year. 

After Rafferty K., Boyd T. economical analysis (1997) result that: 

• Greenhouse costs (include greenhouse and equipment) 122 - 153 USD/m 2 

• Construction costs 78 - 87 USD/m 2 


14.2. Operative expenses in the greenhouse: 


Operative expenses in the greenhouse, in the relation to the total 
annual structure(Rafferty K., Boyd T): 

expenses, have this 

• Work 

40 - 50% 

27.8 USD/m : 

• Plants and materials 

16 - 25% 

13.4 

• Heating, electric energy, lighting, water 

6 - 16% 

7.2 

• Credite and siguracioni payments 

17 - 19% 

11.8 

• Miscellaneous 

8 - 10% 
Total 

5.2 

65.4 USD/m 2 


After Albanian farm experience total operative expenses for the projected greenhouse 
with a surface 0.05 ha, these expenses can be 45000 leke/year. 
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Feasibility study: 

1. Greenhouse expenses : 

• Construction 402 325 leke/year 

• Total operative expenses 45 000 leke/year 

• Electric energy expenses: 

• Heat pump system: 

83.5 kWh x 376.8 ore x 9 leke = 282 564 leke/year 

• Water circulating pump: 

4.2 kWh x 376.8 x 9 leke = 14 243 leke/year 
Total annual expenses for the projected greenhouse are 744 132 leke or 6 200 USD 

2. Greenhouse productions 

Kind of production: Tomato. Greenhouses produce in Albania is 2000 kv/ha.year. Average price 
is 111.1 leke/kg. Consequently for the 0.05 ha greenhouse production income will be: 

1 111 000 leke/year or 9 258 USD/year. 

Consequently for projected greenhouse, with a 15-year payback, result that: 

• Income 9 258 USD/year 

• Expenses 6 200 USD/year 

Consequently, geothermal heating greenhouses represent an economic effective investment. 
Normally, the incomes will be bigger for the flower or olive plant cultivation in the greenhouse. 

In the existing greenhouses, the heating system construction will have only a cost 488 966 
leke/year or 4 100 USD/year, for a 15 years payback period. For a lOmyears payback period the 
expenses will be 562 545 leke/year or 4 700 USD/year, and investment will be profitable. 

15. GATHERING INFORMATION MATERIAL AND KNOWLEDGE 
DISSEMINATION IT IS VERY IMPORTANT ELEMENT OF UTILIZATION OF 

GEOTHERMAL ENERGY 

Task 1 

Information material concerning the general principles of geothermal application and new 
technologies will be gathered and created. An information booklet and posters will be published 
and distributed to possible users. 

Task 2. Establishment of communication channels with local users 

Communication with local authorities will take place in order to find the end users, 
especially those capable of installing geothermal applications. Direct personal contacts with end 
users will also take place. 

The investigators will implement this study by answering and focusing on the solution of 
the following questions: 

The selection of the most suitable utilization plan according to the actual applications of 
the new technologies in question, the energy conservation, the desired transfer of the innovative 
technology to country, the probable users intentions and the existing heating consumption needs 
of the planned innovative applications. 
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The investigation of any probable environmental impact and the selection of the most 
suitable method for the disposal of the geothermal fluids to avoid possible environmental 
problems. 

The selection of the best possible network for the geothermal fluid transport to ensure the 
violability of the utilization carrier, a single disposition price and the disposition of considerable 
quantities of energy (converted in TOE-s). 

Task 3. 

• To creates ready for use permanent educational and informative structures. 

• To provide a useful tool for the education and information of geothermal energy end users 

• For further dissemination of the results of this projects will organize days of open conferences. 
Workshops, seminars, TV and radio-emissions, pamphlets, posters, and summer school will 
organize. .In parallel, the strategies presented for the geothermal energy exploitation will be 
announced and criticized during these activities. The participant will originate from the public 
sector, user's, associations, Technical Chambers, higher educational institutes etc. Finally, 
material from Phase C will be also forwarded to the public authorities that are responsible for the 
awareness of users and therefore in close contact with them. 

• To introduce, via an attractive method, the concepts of geothermal energy utilization and new 
technology transfer in the third level education 

16. SIGNIFICANCE OF THE PROJECT PROPOSAL AND ITS EXPECTED 

ACHIEVEMENTS 

The project proposal has great importance for Albania: 

Firstly, it creates the scientific knowledge base for evaluation of natural wealth of 
geothermal energy and mineral waters in Albania. These data will be used to evaluate and select 
the rich areas in country. In these areas it is possible to start the investment for complex 
exploitation of geothermal energy and mineral water resources 

Secondly, transfer of new methods for R&D and evaluation of geothermal water 
resources, modern technologies and unit equipment for thermal waters exploitation in Albania. 

Thirdly, a technical and organizing base for modem hotel SPA construction will be 
created. 

Thermal and mineral water springs, usually, are located in coastal or very beautiful 
mountainous regions of the Albania. The tourism will be developed. Thermal waters of low 
enthalpy will be used for the heating of green houses and SPA hotels and tourist villages near the 
springs. Extraction of chemical micro- elements as Iodine, Bromine, Borax, various natural salts 
from thermal and mineral waters, CO2 and H2S gas, will be achieved by installing the necessary 
equipment. Drinking-mineral water installations will be constructed. This development will 
create new working posts and will ameliorate the life conditions and level for habitants in thermal 
and mineral water spring areas. 

Fourthly, new modem studying technologies will be disseminated in scientific and 
business community of country. 
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Fifthly, Environmental protection and preserving level will be improved, to well assist the 
echo-system protection of thermal and mineral water source areas. 

17. CONCLUSIONS 

1. Albania has the resources of geothermal energy of low enthalpy, which is possible for 
integrated and cascade direct use as an alternative energy. 

2. Resources of the geothermal energy in Albania are; 

a) Natural springs and deep wells with thermal water, of a temperature up to 65.5°C. 

b) Heat of subsurface ground, with an average temperature of 16.4°C and depth Earth Heat 
Flow. 

3. Construction of the space-heating system, using shallow borehole heat exchanger (BHE)-Heat 
Pumps systems present the most important direction of the use of geothermal energy in Albania. 


18. REFERENCES 

Albanian Encyclopedic Dictionary, (1985). Academy of Sciences of Albania. (In Albanian). 
Climate of Albania, (1978). Institute of Hydro-Meteorology, Academy of Sciences of Albania. 

(In Albanian). 

Eftimi R., Tafilaj I., Bisha G. (1989). “Hydrogeologic division of Albania”. Bulletin of 
Geological Sciences, (In Albanian, summary in English). 303-316 pp 
Gjoka L. 1990: Ground temperatures features in Albania. 1990. M.Sc. Thesis, (In Albanian), 
Hydrometeorological Institute of Academy of Sciences, Tirana. 

Frasheri A. 1999. Geothermal Energy Areas in Albania. Inernational Geothermal days OREGON 
‘ 99”. Klamath Falls, 10-16 October, 1999. USA. 

Frasheri A., 1998. Geothermal Energy Resources in Albania. European Union Thermie B Action. 

Seminar on transfer of Geothermal Technology and Knowledge, Reykjavik, 
Iceland, November 15-17, 1998. 

Frasheri A. 1998, Tectonics of the Albanides in relation to the geothermal conditions. 

Microtemperature Signals of the Earth’s Crust, 192 WE-Heraeus-Seminar, 25-27 
March 1998 at Physikzentrum Bad Honnef, Germany. 

Frasheri A., Doracaj M., Bakalli F. ,1997, Proposal for the use of geothermal energy in Albania. 

Workshop: Raising funds for the commercialization of R&D achievements, Sofia, 
6-7 November, 1997. 

Frasheri A., Cermak V., Ligo R., Kapedani N., Bakalli F., Halimi H., Vokopola E., Malasi E. 

(Tanga B., Jareci E., Safanda J., Kresl M., Kucerova L., Stulc P. 1996. Geothermal 
resources of Albania. Atlas of Geothermal Resources os Europe, ( in English), 
Germany, 1997. 

Frasheri A., Bakalli F. 1995. “The source of geothermal energy in Albania”. 

World Geothermal Congress, Florence, Italy, 18-31 May 1995. 27-31 pp. 

Frasheri A., Ligo R., Kapedani N., (^anga B., Jareci E., (Termak V., Kresl M., Kugerova L., 
Safanda J., Shtulc P. 1995. Geothermal Atlas of Albania, In Albanian. 75 pp. 
Frasheri N., (1994), “The Actual State of Albanian Energetic System and it’s Perspective”, 
Workshop on the use of IAEA Planning Models, Budapest, 18-22 July 1994. 
Frasheri A., Pano N., Bushati S., 2003: Use of environmental friendly geothermal energy. 
UNDP-GEF SGP Project, Tirana. 


36 



588 


Frasheri A., Pano N., Bushati S., Malasi E. 2003. Project idea for integrate and cascade direct 
use of geothermal waters energy. UNDP-GEF SGP Project, Tirana. 

Frasheri A., Pano N., Bushati S., QELA B., Islami B., Project idea for direct use of 

geothermal energy for greenhouse heating. UNDP-GEF SGP Project, Tirana. 
Frasheri A., Pano N., 2003: Outlook on platform for integrated and cascade direct use of 

the geothermal energy in Albania. EAGE Conference Stavanger 2003. 2-6 June 

2003, Stavanger, Norvay. 

Frasheri A., Simaku Gj., Pano N., Bushati S., (Ala B., Frasheri S., 2003. “Direct use of the 
Borehole Heat Exchanger - Geothermal Heat Pump System of space heating 
and cooling”. Project idea, UNDP, GEF SGP Tirana Office Project. 

Frsheri A.„ Qermak V., Doracaj M., Ligo R., Safanda J., Bakalli F., Kresl M., Kapedani N., 

Stulc P., Halimi H., Malasi E., Vokopola E., Kugerova L., Qanga B., Jareci E. 

2004. Atlas of geothermal Resources in Albania. Publ. Faculty of geology and 
Mining, Tirana. 

Geological Map of Albania, Scale 1:200,000, (1984). Tirana 
Hydrogeological Map of Albania, Scale 1:200,000, (1985). Tirana. 

Lund J. W. 1996: Lectures on Direct Utilization of Geothermal Energy. United Nation University 
Geothermal Training Programme. Geo-Heat Center, Oregon Institute of 
Technology, Klamath Falls, Oregon, USA. 

Mysliu E., Peci S., Cecmaxhi P., Cano K., Dragusha G., Kulli E., Merkoci P., 1999. 

Hydroenergetic 1949-1999. Society of Hydroenergetic works of Albania. 
Uniografica Corcelli Editrice, Bari, Italy. 

National Strategy of Energy. 2003. National Agency of Energy, Tirana, Albania. 
Popovska-Vasilevska S. Popovski K. 1999. State of the art geothermal energy use for heating 

greenhouses in Macedonia. International Geothermal days “OREGON ‘ 99”. Geo- 
Heat Center, Oregon Institute of Technology, Klamath Falls, Oregon, USA. 
Popovski K. Popovska-Vasilevska S., 1999. Basis of Grenhouse’s Design. Direct Utilization of 

Geothermal Energy. International Geothermal days “OREGON ‘ 99”. Geo-Heat 
Center, Oregon Institute of Technology, Klamath Falls, Oregon, USA. 

Popovski K. Popovska-Vasilevska S., 1999. Design of Geothermal Heating Systems for 

Grenhouses. International Geothermal days “OREGON ‘ 99”. Geo-Heat Center, 
Oregon Institute of Technology, Klamath Falls, Oregon, USA. 

Rafferty K., Boyd T. ,1997. Geothermal Greenhouse information packarge. Oregon Institute of 

Technology. Klamath Falls, Oregon, USA. 

Rybach L., Brunner M., Gorhan H., 2000: Present situation and further needs for the promotion 

of geothermal energy in European Countries: Switzerland. Geothermal Energy in 
Europe. IGA&EGEC Questionnaire 2000. Editors: Kiril Popovski, Peter Seibt, 
loan Cohut. 

Rybach L. and Derek H. Fresston, 2000: Worldwide direct use of Geothermal Energy 2000. 

Proceedings of the World Geothermal Congress, 2000. Kyushu-Tohoku, Japan 
May 28-June 10, 2000. 

Rybach L. and Sanner Burkhard. 2004. Ground-Source Pump System. The European Experience. 
Statistical Yearbook 1993-2001. 2003. (In Albanian, In English). Institute of Statistic, Tiarana, 
Albania. 


37 



589 


19. LIST OF CAPTIONS 

Fig. 1. Heat Flow Density Map of Albania. 

Fig. 2. Temperature Map of Albania, at the depth 100 m. 

Fig. 3. Temperature Map of Albania, at the depth 3000 m. 

Fig. 4. Geothermal profile in the Peri Adriatic Depression. 

Fig. 5 Geothermal Gradient Map of Albania 
Fig. 6. Geothermal Zones in Albania. 

Fig. 7. Annual Electric Power with and without heating, 1999. 

(National Agency of Energy]. 

Fig. 8. Heat Exchanger- Geothermal heat Pump System for space heating scheme. 
Fig. 9. Thermolog of the Rinasi borehole. 

Fig. 10. Hydrogeological column of Tirana underground water basin. 
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DIPOLE - DIPOLE ARRAY CONFIGURATION AND INVERSION IN THE 
FRAMEWORK OF THE RECIPROCITY PRINCIPLE 
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Abstract 

The dipole-dipole array configuration is considered as a symmetrical array in terms of the 
reciprocity principle. Aspects of IP data inversion theory are considered, as well as 
resolution capability and stability of inversion solutions are discussed. This analyze, 
demonstrates cases when the IP/Resistivity anomaly configurations observed with a C 1 C 2 - 
P 1 P 2 (AB-MN) array is not the same as the one observed with a P 1 P 2 -C 1 C 2 (MN-AB) 
reversed array. The analysis includes results of some 2D and 3D mathematical and physical 
modeling performed in the Institute of Informatics and Applied Mathematics, and in the 
"Ligor Lubonja" Laboratory of Geophysics at the Faculty of Geology and Mining, 
Polytechnic University of Tirana, Albania. 


1. INTRODUCTION 

In the practice of electrical prospecting are employed various array configurations. The 
location of the current and potential electrodes is defined from the geological tasks to be 
solved. The dipole - dipole array is one of the most common arrays in mineral exploration. 
This is considered a symmetrical array in terms of the principle of reciprocity, so when the 
current electrodes are respectively switched with potential electrodes the same responses in 
IP and resistivity values are observed. However, our recent mathematical and scale models 
indicate discrepancies in this regard in several cases. This can lead to inaccurate target 
location and negative drilling results. To avoid such situations, the electrode orientation in 
the survey line has to be considered in the interpretation. 

2. PRESENTATION OF THE PROBLEM 

The well-known reciprocity principle stands on the basis of many array configurations in 
electrical prospecting like Pole - Pole, Dipole - Dipole, Schlumberger, Wenner etc (Keller 
and Frischknecht 1966, Zabarovskyy 1943, 1963, Frasheri et al. 1985). “According to the 
theorem of the reciprocity, no changes will be observed in the measured voltage if the 
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placements of potential and current electrodes are interchanged. The reciprocity can readily 
be confirmed for an electrode array over a homogeneous earth” (Keller and Frischknecht 
1966). 

The heterogeneous medium presents a more complicated problem. Zabarovskyy (1943, 
1963) based on the electrostatic phenomena science has been observed: 

U M = U A = O^AM *Qa = OC MA *Qm 

Where: Qa, Qm - Electrical charges 

a AM > a MA " Coefficients dependant on the shape of bodies A and M, their 
reciprocal position and the boundaries of heterogeneity. 

and equation Qm=Qa will be true if coefficients a AM = a MA . On this basis Zabarovskyy 
(1943, 1963) has accepted that the principle of reciprocity is valid for heterogeneous media 
as well. Habberjam, G.M. (1967), doubt has been expressed about the validity of the 
reciprocity principle, from field experiments. Reciprocity principle has been discussed by 
Parasnis D.S. (1988), which has been observed: “Although the reciprocity theorem is often 
mentioned in books and papers on d.c. resistivity prospecting as well as in books on applied 
geophysics, no proof of it arbitrary conductivity distribution has, to the best of my 
knowledge, been given in geophysical literature”. For vertical targets of thickness d > a (a 
stands for dipole spacing) the principle of reciprocity is met while for d comparable and 
thinner than a, the asymmetry is noticed in intensity and shape of the twin responses (Keller 
and Frischknecht 1966, Frasheri et al 1985). 

In homogeneous or linear media, as example 2D horizontally stratified section the principle 
of reciprocity is true for any surveying array. In a heterogeneous environment this principle 
is absolutely true for symmetrical four electrodes Schlumberger, Wenner and pole-pole 
(half-Wenner) arrays. 

The dipole-dipole array presents a complex behavior. In IP method the principle of 
reciprocity application is more complicated. In several field surveys asymmetrical 
IP/Resistivity responses are observed with dipole - dipole array for opposite orientations of 
the potential and current electrodes in the survey line. To further investigate this 
phenomenon some mathematical models were carried out with a program of finite element 
method (Frasheri A. and Frasheri N. 2000). The mathematical computation of the IP effect 
is based on the Bleil 1953 and Seigel 1959 formulae. To perform the mathematical 
modeling and the inversion of IP data, we have used the Komarov’s (1972) approach. For 
3D modeling of IP effect from targets with massive texture in homogeneous medium we 
have transformed the Bleil formulae, using Green’s formulae (Frasheri N. 1983, Frasheri 
A., Frasheri N. 2000). With the same method of finite elements, simultaneously with the IP 
effect, the apparent resistivity is calculated as well. Testing of the results of a mathematical 
IP models with a similar field situation and scale model indicates the accuracy of 
mathematical model is good (Fig. 1, 2, 3, 4, 5) (Frasheri A. 1989, Frasheri A. et al. 1994, 
Frasheri A and Frasheri N, 2000). 
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Fig. 1. A finite element section of an IP irregular body over a rugged relief. 
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Fig. 2. IP profiling over a prism: 

Theoretical (1); 

Calculated by POLARELF Program (2); and 
Physical modeling (3). 
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NORMAL ELECTRIC FIELD PROPAGATION SECTIONS 
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MAP OF NORMAL ELECTRIC FIELD PROPAGATION 

Lower Half-Space Homogeneous Isotropic Medium 

Level: Earth Surface 
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MAP OF NORMAL ELECTRIC FIELD PROPAGATION 

Lower Half-Space Homogeneous Isotropic Medium 
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The amplitude and the asymmetry of IP anomaly depend on the orientation of the 
polarizing vector of the primary electric field in connection to the prism location (Figs. 6, 
7). The substantial difference between the electric field distributions in both cases clearly 
expresses the changes in IP anomaly configurations for gradient and dipole-dipole arrays. 
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Resistivity of the environment: 1 000 Ohmm 


Fig.6 Frasheri et a!. 


Fig. 6. Distribution of the primary electric field potential (Uo) of a transmitting dipole: 

(a) Gradient array AB max = 30 Dx 

(b) Dipole-dipole array C 1 C 2 = 1 Dx. 

Mathematical model: Vertical prism. Dimensions of the prism 2 x 30 x 20 Dx, 
Resistivity of the prism 20,000 Ohmm, Resistivity of the environment 1,000 Ohmm. 
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Mip, mV/V 




A in St -20, B in St 20, Dx~ 10 m 

Fig. 7 Fra sheri et al. 


Fig. 7 . IP anomaly configuration dependency on location of the target. 
Mathematical model: Vertical prism. 


3. NUMERICAL RESULTS FOR DIFFERENT MODELS 

Fig. 8 present the mathematical model results of IP and resistivity responses with dipole- 
dipole profiling. Two anomalies are observed on both parameters. Considering the 
reference plotting point in between the potential electrodes Pi and P2, one of the anomalies 
is obtained over the prism while the second one at a distance O1O2 , between the centers of 
the current and potential dipoles. This presentation is conditioned on the distribution of the 
electrical field of the dipole - dipole array. 

Because a mirror image is missing in the center of the profiles, especially for IP, it 
means that C1C2P1P2 array responses are not equivalent with P1P2C1C2, or in 
mathematical terms, the principle of reciprocity is not strictly met. Keller ( 1966 ) presents 
the same phenomenon for the apparent resistivity. 
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Fig.3 Frasheri et al. 


Fig. 8. IP and Resistivity mathematical modeling. Dipole-dipole profiling. CiC 2-P1P2=2 
Dx, n=l-10 Dx. 

Model: 2D vertical prism at depth 1 Dx, dimensions of the prism section 2x9 Dx. 
Resistivity of the prism 20,000 Ohmm, IP Chargeability 500 mV/V, Resistivity of 
the environment 1,000 Ohmm, IP Chargeability of the environment 0.01 mV/V. 

In pseudo section presentation, where the plotting point is located at the intersection of 
lines coming at 45° from midpoints between C 1 C 2 and P 1 P 2 , these anomalies are located in 
both sides of the prism (Fig. 9, 10). For the resistivity parameter this location is almost 
symmetrical in shape and amplitude, for the vertical target (Fig: 11, 12). The symmetry is 
perfect in cases when the thickness of the prism is equal or greater than the dipole spacing 
“a”, and becomes poor for thinner prisms (Fig. 11). 

Alternatively, the IP anomalies are asymmetrical even in cases of vertical prisms (Fig. 11- 
a). In such cases, the epicenter of the most intensive anomaly is displaced on the side of 
current dipole C 1 C 2 . For shallow inclined prisms, the epicenters of both IP and resistivity 
anomalies are displaced on the opposite side of the dip. 

The configuration of the IP/Resistivity anomaly is also dependent on the dip angle 
amplitude, relative to the current electrodes location (Fig. 11-b, c). 
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Asymmetrical IP and resistivity anomalies, depending on the location of current and 
potential dipoles in relation to target is not always without problems in manual or inversion 
interpretations of the IP/Resistivity data surveyed with a dipole-dipole array. 
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3D IP MATHEMATICAL MODEL Dip7-B2 ^9- 3 

IP PSEUDOSECTION WITH DIPOLE-DIPOLE ARRAY 
PI P2 = C1C2 =1 Dx n = 1 -39 


C1C2 PIP? 

-15.00 -10.00 -5.00 0.00 5.00 10.00 r r ^15.00 



MODEL: Target: Horizontal prism at depth 5Dx 

Dimensions of the prism 2 x 2 x 20 Dx 
Resistivity of the prism 2000 Ohmm, 
Resistivity of the environment: 500 Ohmm 
Chargeability of the prism :200 mV/V 
Chargeability of the environment: 1 mV/V 


Prof. Dr. A. Frasheri 
Prof. Dr. N. Frasheri 
May 28, 2001 


3D IP MATHEMATICAL MODEL Dip7-B2 

IP PSEUDOSECTION WITH DIPOLE-DIPOLE ARRAY 
PI P2 = Cl C2 = 1 Dx n = 1-39 



MODEL: Target: Horizontal prism at depth 5Dx 

Dimensions of the prism 2 x 2 x 20 Dx 
Resistivity of the prism 2000 Ohmm, 

Resistivity of the environment: 500 Ohmm 

Chargeability of the prism:200 mV/V p ro f Dr. A. Frasheri 

Chargeability of the environment: 1 mV/V Prof. Dr. N. Frasheri 

May 28, 2001 


Fig. 10 
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Fig. 11. IP and Resistivity Pseudo Section with dipole-dipole array, CiC 2 -PiP 2 =l Dx, 

n=l-ll Dx. Mathematical model: 2D vertical prism at depth 1 Dx, dimensions of 
the prism section 4 x 50 Dx. Resistivity of the prism 3 Ohmm, IP Chargeability 50 
mV/V, Resistivity of the environment 1,000 Ohmm, IP Chargeability of the 
environment 0.01 mV/V. 
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Fig. 12. IP and Resistivity Pseudo Section with dipole-dipole array. CiC 2 -PiP 2 =l Dx, 
n=l-ll Dx. 2DMathematical model. Dimensions of the prism section 1x2 Dx. 
Resistivity of the prism 1 Ohmm, IP Chargeability 300 mV/V, Resistivity of the 
environment 100 Ohmm, IP Chargeability of the environment 0.01 mV/V. 
a) vertical prism at depth 2 Dx, b) Inclined prism at depth 2 Dx, Western dip. 
c) Inclined prism at depth 2 Dx, Eastern dip. 

The response becomes more complicated when several targets are located under the 
surveying line. For a situation with two parallel polarizable inclined prisms like that in figs. 
11 and 12, both C1C2P1P2 and P2P1C2C1 dipole-dipole arrays obtain a single IP anomaly 
in the centre and present some differences in contours shape (Fig. 13-a, b). A formal 
interpretation or even an inversion on these results cannot outline the presence of two 
distinct targets. 
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Fig. 13. IP Pseudo Section with dipole-dipole array, CiC 2 =PiP 2 =l Dx, n=l-39. 

Mathematical Model: Two parallel inclined prisms (dip=70°) at depth 5 Dx, 
dimensions of the prisms 1 x 20 x 20 Dx. Distance between the prisms 10 Dx, 
Resistivity of prisms 2000 Ohmm, IP Chargeability 500 mV/V, Environment: 
Resistivity 500 Ohmm , IP Chargeability 0.01 mV/V. 

a) Dipole-dipole CiC 2 =PiP 2 , 

b) Dipole-dipole PiP 2 =CiC 2 

c) Real Section with multiple gradient arrays. 
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4 . REAL SECTION 

Limitations that are traditionally in traditionally configurations, as ex. “pseudosection” of 
the dipole dipole susvrey, has been overcome by gradient Realsection (Alikaj P. et al. 
1981, ). These limitations, that have been presented in the paragraph 3, existed with respect 
to location, resolution and depth of investigation, inherent in conventional configurations. 
The IP/Resistivity Realsection is a technique that employs the data acquisition from 
multiple gradient arrays or Schlumberger vertical soundings to provide a presentation that 
is close to real distribution of the geo-electrical parameters in a geologic section. It is not a 
mathematical inversion but rather a presentation of the physical measurements in 
compliance with general distribution of the electrical field at depth. Algorithm developed in 
conjucnction with these configurations, based on scale and mathematical modeling as well 
as orientation surveys over known deposits, allow presentation and interpretation of 
realsection technique in relation to real depth and location. 

‘Realsection IP’ has come significant advantages over standard, double dipole or pole- 
dipole IP surveys, especially in depth of investigation and resolution. By using a short 
potential electrode distance (MN) the Realsection technique simultaneously provides with a 
high resolution of the near-surface IP/Resistivity targets (10-25 m) and a depth exploration 
capability (several hundred meters), this is not possible with conventional arrays. 

This method is turned to a specific depth of investigation by careful analysis of the geology 
and target model. The most common configuration is a gradient array. The first pass survey 
identifies zones worthy of detailed follow-uo. Each subsequent pass build the section from 
depth to surface. The survey is continually refined in the field to concentrate the detailing 
on the anomalies with the highest potential of exploration. ‘Realsection IP’ has overcome 
the difficulties with gradient arrays by providing vertical resolution. A significant 
advantage over the common array geometries of pole-dipole and dipole-dipole is that an 
increase in depth of resolution can be incremented logarithmically or semi-logarithmically 
as opposed to arithmetically. ‘Realsection IP’ can be applied to sub-vertical or sub-parallel 
structures with equal effectiveness. 

‘Realsecion IP’ is gaining acceptance for its ability to define depth narrow structure and for 
presenting this data in a section plotted at a depth that s calculated from the data and 
accurate to within 15% (Alikaj P., Gordon R., ).. 

In the fig. 14-22 are presented ’Realsection IP’ of 2D Physical Modelling with gradient 
array for different shape polarizable targets, and 3D mathematical modeling of IP 
Realsections. 

Mathematical model with IP Realsection array (Alikaj 1981, Langore Alikaj and Gjovreku 
1989, Lubonja, Frasheri and Alikaj 1994) over the same targets, however, provides a 
different picture with two distinct anomalies (Fig. 13-c). 
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IP 2D PHYSICAL MODELING 

REALSECTION WITH GRADIENT ARRAYS 
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MODEL: Metalic (copper) cylinder at depth 5 cm 
Cylinder radius: 2.5 cm 
Surrounding environment: water 
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MODEL: Metalic (copper) prism at depth 10 cm 
Dimensions of the target: 10 x 50 m 
Surrounding environment: water 
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Fig. 14 
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IP 2D PHYSICAL MODELING 

REALSECTION WITH GRADIENT ARRAYS 
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MODEL: Metalic (copper)inclined prism (dip=45o) at depth 10 cm 
Dimensions of the target: 10 x 50 m 
Surrounding environment: water 
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3D IP MATHEMATICAL MODEL M6 

REALSECTION WITH GRADIENT ARRAYS 
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MODEL: Prism at depth 2 Dx 

Dimensions: 1 x 1 x 20 Dx 

Resistivity of the prism: 2000 Ohmm; Resistivity of the environment: 1 000 Ohmm 
Chargeability of the prism: 100 mV/V: Chargeability of the environment: 1 mV/V 
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Prof. Dr. A. Frasheri 
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April, 2001 


Fig. 16 
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3D IP MATHEMATICAL MODEL ReallO 

IP REALSECTION WITH GRADIENT ARRAYS 
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MODEL: Vertical prism at depth 5 Dx ' b000 

Dimensions: 2 x 10 x 20 Dx 
Resistivity of the prism: 10 Ohmm 
Resistivity of the environment: 500 Ohmm 
Chargeability of the prism: 500 mV/V 
Chargeability of the environment: 1 mV/V 

Prof. Dr. A. Frasheri 
Prof. Dr. N. Frasheri 
June 1 , 2001 


Fig. 17 
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3D IP MATHEMATICAL MODEL model-2 
IP REALSECTION WITH GRADIENT ARRAYS 
FLAT RELIEF 



MODEL: Vertical prism 
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Fig. 18 
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3D IP MATHEMATICAL MODEL model-1 
IP REALSECTION WITH GRADIENT ARRAYS 
RUGGED RELIEF 
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Fig. 19 


3D IP MATHEMATICAL MODEL model-2 
IP REALSECTION WITH GRADIENT ARRAYS 
TARGET UNDER THE CREST 



MODEL: Vertical prism 
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Fig. 20 
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IP REALSECTION WITH GRADIENT ARRAYS 
3D IP MATHEMATICAL MODEL model-2 
TARGET UNDER THE VALLEY 
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Fig. 21 
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3D IP MATHEMATICAL MODEL model-8 
IP REALSECTION WITH GRADIENT ARRAYS 
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MODEL: Two vertical prisms at depth 25 m 

Dimensions of the prisms: 10 x 25 x 200 Dx 
Distance between the prisms: 50 m 
Resistivity of the prisms: 100 Ohmm 
Resistivity of the environment: 1000 Ohmm 
Chargeability of the prisms: 500 mV/V 
Chargeability of the environment: 1 mV/V 


Prof. Dr. A. Frasheri 
Prof. Dr. N. Frasheril 
May 24, 2001 


Fig. 22 
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5. SOME CONSIDERATIONS ON SO CALLED “IP DATA INVERSION” 


The calculation of IP effect is based on the formulae of Bleil [Bleil D., 1953; Seigel H.O., 
1959]: 


Uip= c xjvt/ : 


f-1 

uJ 


xdv 


( 1 ) 


Where: Ui p is the IP potential; 

R is the distance vector from the integration point to the receiving point; 

VU is the potential gradient of the primary electrical field, calculated by solving 
the finite element model. 

The evaluation of Komarov is used for both modeling and inversion of IP data, supposing a 
formal similarity of environment polarization with the increasing of its electrical specific 
resistivity [Komarov V.A., 1972]: 

C(Uo+Uip)=CUo (2) 

Where: Uo- potential of the polarizing current field, 

Uip- potential of the IP fiend 
C- IP susceptibility 

In all calculations, the effect of IP is supposed as linear. Such modeling and inversions of 
IP pseudo-sections, carried out by many authors, have been a step forward for the 
interpretation of IP survey data and for the evaluation of IP methods. But new facts on the 
non-linear nature of IP phenomenon, together with results of mathematical and physical 
modeling of last ten years, arise new problems with regard to P modeling and inversion. If 
these problems will remain unsolved, it would decrease the effectively of IP investigations. 

Conception of IP as a linear phenomenon and its usage in equations of modeling and 
inversion creates several characteristics in the configuration of calculated mathematically 
IP anomalies: 

1. The upper parts of anomalies correspond with the upper sides of the polarized 
targets. 

2. Anomalies remain open towards the depth, even below the bottom sides of targets. 
Continuation of IP anomalies below bottom sides of targets makes the interpretation 
difficult and its extension in depth as unsure. The presentation of anomalies is more 
complex, compared with pseudo-sections, for dipole-dipole and pole-dipole arrays. 
Migration of anomalies in pseudo-sections depends on the angle of inclination of targets 
and on the position of current and measuring electrodes relative to targets (there are left- 
arrays C1C2-P1P2 and right-arrays P1P2-C1C2). The reason of such configuration of IP 
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anomalies is due to the supposition, during mathematical calculations, that the IP has a 

linear dependence from the tension of polarizing electric field 

Due to the different polarizing situations, IP phenomenon is characterized by: 

1 . Significant decrease of the intensity of polarizing electric field in depth. Increasing 
of investigation depth, different parts of the same target, as well as different targets in 
different depths, are situated in different polarizing conditions. 

2. For the same depth of polarized targets, the intensity of polarizing electric field 
decreases by a great gradient relative when the distance AB of current electrodes 
increases (Fig. 23). 

Polarizing field voltage ( E) at the depth 50 meters, in the medium with resis tivity of 1000 Ohmm. 
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DEPENDENCE OF THE POLARIZING CURRENT DENSITY 
FROM CURRENT ELECTRODE AB SPACING AT 50 m DEPTH 



Fig. 23 


22 




612 


3. Depending on the environment, the voltage of polarizing field varies with a greater 
gradient. As result, the decrease of density and tension of polarizing fiend in depth 
means, because of non-linearity, less polarization compared with what is received by 
linear models. As result, in real sections from physical modeling the IP anomalies close 
under targets . 

4. The effect of distributed IP is defined from survey arrays. This distribution is 
symmetric for gradient arrays, but asymmetric for dipole-dipole arrays making 
obligatory the inversion of IP data. 

The stability and uniqueness of IP inversion solutions depend also from the application of a 
linear model for the IP phenomenon, but that is not quite true for the whole variation of 
applied polarizing tensions. As result, the lower part of polarized targets is instable in IP 
inversions. It becomes more instable when several targets are situated near each other, or in 
cases of targets near contacts between environments with different polarizability. The 
increase of depth of targets causes the increase of instability for inversion solutions and of 
its resolution capability (Fig. 24). Target shape, it’s dimensions and depth of location are 
conditioned inversion results and stability, too (Fig. 25, 26, 27). 
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Fig. 24 


INVERSION OF IP POTENTIAL ANOMALIES f-56 
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Fig. 25 
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INVERSION OF IP POTENTIAL ANOMALIES 
FOR A BODY A T DIFFERENT DEPTHS 
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Fig. 26 
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IP TEST INVERSION 
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MODEL: Horizontal prism with different dimensions Pro f- Dr - A - Frasheri 

at depth 10 m and 20 m A P ril 2001 


Fig. 27 


6. CONCLUSIONS 

1. The anomaly configuration in an IP/Resistivity survey with a dipole-dipole array is 
dependent on the location of the current and potential electrodes in connection to target. 
In this regard, logistical information about the survey should include the array 
orientation (left-array or right-array). The position of the array must be shown in plots 
and pseudosections. During the survey, it is necessary to keep the same orientation of 
current and receiving dipoles. 

2. An accurate interpretation of IP/Resistivity data with dipole-dipole array should 
consider the information on electrode orientation on the survey line. The same 
recommendation is valid for the process of inversion interpretation. 

3. Physical modeling of IP gives the proof that there are differences between real cases 
and mathematical models. In sections compiled with data from physical models the 
anomalies close under the bottom side of targets. In sections of mathematical linear 
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models IP anomalies remain open in depth, contrary to those of apparent resistivity. It is 
due to the fact that in used mathematical formulas the IP chargeability is considered as 
a linear phenomenon in the whole range of variation of polarizing tension. 

4. The use for the inversion of formulas based on the linear IP phenomenon implies errors 
in compilation of sections based on approximation of inversed data. These errors may 
be comparable with the instability of the inversion itself. 

5. To achieve the levels of actual requirements for the quality of IP surveys, it is necessary 
to well evaluate the non-linear character of IP phenomenon. It would permit a better 
conception of mathematical basis of IP, as well as a better match with the real situation 
of the phenomenon in nature. Used with the IP inversion, these new mathematical non- 
linear equations would permit more exact results as compared with the instability and 
non-uniqueness of inversion solutions. 

6. An effective tool for exploration has been and continues to be ‘Realsection IP’ 
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ABSTRACT 

In the paper a detailed analyze of the shallow ground heat resources in Albania, in particularly in Korga city, and ways for direct use of this energy 
concretely for heating in Albania is presented. Direct use of the ground heat by Borehole heat Exchanger-Geothermal Heat Pump for space heating 
and cooling, was programmed to develop in Albania. 

Keywords: Geothermal energy, space heating, geothermal heat pumps, direct use, heat flow,. 


1. INTRODUCTION 

Large numbers of geothermal energy of high and low enthalpy 
resources, a lot of mineral water sources represent the base for 
successfully application of modern technologies in Albania, to 
achieve economic effectively. There are many thermal springs 
and wells. Their water has temperatures that reach values of up 
to 65.5°C. 

At present, the thermal waters of some springs and wells are 
used only for health purposes. 

The geothermal situation of low enthalpy in Albania offers 
three directions for the exploitation of geothermal energy 
(Frasheri et al. 2003): 

Firstly, space heating and cooling 
Secondly, integrated and cascade use of geothermal 
waters energy 

Thirdly, greenhouses and aquaculture installations. 

Direct use of the environmental friendly geothermal energy 
must be realized by integrated scheme of geothermal energy- 
heat pumps and solar energy, and cascade use of this energy. 

The most important direction is space heating and cooling. The 
Earth Heat can be use for space heating and cooling by modern 
systems Borehole Heat Exchanger-Geothermal Heat Pumps. 

In the paper is presented a detailed analyse of the shallow 
ground heat resources in Albania, in particularly in Korga city, 
and ways for direct use of this energy concretely for heating in 
Albania. 

2. PRESENTATION OF THE PROBLEM 

The energy crisis prevailing in the Albania, the 
increased demand in energy for heating and cooling of 
premises, the gradual implementation of European standards of 
premises’ heating, are all decisive factors raising the awareness 
in order to contribute in finding optimal solutions to this 
critical situation. Actually, the electric energy consummation 


for heating is 1 375 GWh/year, or 23.8 % of the total electric 
energy production in Albania (Fig. 1) (National Agency of 
Energy, Tirana, 2003). The situation becomes more 
problematic because the use of natural gas for heating emits 
large quantities of C0 2 in the atmosphere. 

In the developed countries such as the Member States 
of the European Union, in the United States, Japan etc., 
particular attention is given to the use of renewable energies, 
among them the geothermal energy (Lund. J.W., et al. 2005, 
Rybach L., et al, 2005). The Earth’s heat is a great source of 
energy, renewable and friendly to the environment. Direct use 
of the ground heat by Borehole heat Exchanger-Geothermal 
Heat Pump represents a modern system for space heating and 
cooling (Lund J.W., et al. 2005, Rybach L., et al. 2000, 2004). 

Alike elsewhere in the world, in Albania the 
subsurface ground layers contain heat. This energy can be 
successfully exploited in heating the public premises (offices, 
hospitals, libraries, theatres, airports etc.) as well as private 
premises (houses and apartment buildings), using the modern 
systems of Borehole-Heat Exchanger-Geothermal Heat Pumps. 



Fig. 1. Yearly electric energy consumption without and with 
space heating, for 1999 y. (National Agency of Energy). 

Two types of shallow heat sources exist: ground heat and 
underground waters heat. Consequently two kind of 
technology is possible to applied: 
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Firstly, ground-source and Borehole heat Exchanger- 
Geothermal Heat Pump or ground-couplet (closed loop), 

Secondly: underground water system - Geothermal 
Heat Pump (open loop). 

Ground coupling is used where insufficient well water is 
available or where quality of the well water is a problem. 
Multiple Heat Exchangers are installed in large public 
premises. 

Actually, in Albania have set up only first four installations of 
geothermal heat pumps systems. In order to develop direct use 
of this renewable geothermal energy and environmental 
friendly ground heat for space heating and cooling in Albania, 
we have introduced the idea of building a demonstrative 
installation for heating and cooling purposes of the important 
public building in Tirana and in other Albanian cities, ex. 
University Campus, Hospital, Secondary School, etc. (Frasheri 
et al. 2003, Frasheri A. 2008, Frasheri A. et. al. 2008). It will 
be of great professional satisfaction if this proposal will find 
application. It will contribute in solving the problematic issue 
of heating and cooling of premises in Albania. 

The implementation of this project contributes in raising the 
awareness of the public administration, of the business and 
scientific communities, to make use of this economically 
optimal solution for heating and cooling of premises. The 
public administration should introduce the necessary tools and 
incentives for enabling the entering into the market of such 
modern and environmentally friendly systems. The business 
community should have in consideration and invest in 
installation of these Borehole-Heat Exchanger-Geothermal 
Heat Pumps, making way for new businesses. The universities 
should teach about these modern systems and insists on their 
applicability. 

3. A WORLDWIDE EXPERIENCE 

In 26 European countries and United States there are installed 
570 000 installations BHE-HP, with a power of 12 KW each, 
for heating and cooling of houses, but also there are thousands 
installations with a power of up to 500-1500 KW for heating of 
institutions and of apartment buildings (Lund J. W., et al. 2005, 
Rybach L., et al. 2005). In Germany there are 50 000 
installations. Switzerland is a typical example with 21 000 
installations, with a pump power from 19-40 KW, which 
exploits the heat of nearsurface earth layers with a temperature 
of lOoC. In Switzerland, in 1980 the production of geothermal 
energy by these systems was 70 GWh, in 1999 it is increased 
up to 365 GWh. Japan (Japan Times, Jan. 21, 2003), using the 
geothermal energy of subsurface ground layers saves up to 
40% of the total energy. The expenses necessary to carry out 
this project will be paid within 10 years. Two thirds of the 
building costs, valued up to 10 million yen for the government 
and local authorities support each installation. 

Ground-couplet systems have been used in Northern Europe 
for many years. Actually, these modern systems in use, highly 
effective and with low consume of electric energy, 
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u u technologically advanced and environmental friendly, are 
gaining huge popularity (Rybach L. et al, 2000). 

Borehole-Heat Exchanger-Geothermal Heat Pump systems are 
developed even though has a construction cost 30-40 % higher 
than the conventional heating by gas. There are several reasons 
for this: 

Economical considerations. Actually, the cost of installing 
the Borehole-Heat Exchanger-Geothermal Heat Pump is higher 
than the conventional fuel installations. Nonetheless, the 
annual cost of “fuel” of the Borehole-Heat Exchanger- 
Geothermal Heat Pump (Electric energy for the heat pump and 
circulating pump) are considerably lower than the fuel of the 
conventional heating by gas. For the coefficient of 
performance 3 , is saved up to 66% of the electrical energy. 
Consequently, the payback of the Borehole-Heat Exchanger- 
Geothermal Heat Pump system is shorter than the durability of 
using the other heating system. 

Environmental considerations. Borehole-Heat Exchanger- 
Geothermal Heat Pump is an environmental system that does 
not emits C02 (“greenhouse effect”), therefore the proprietor 
avoid paying the tax on emittance of C02 gas, which is under 
discussion in the countries of the European Community. 

Governmental support. The Japanese government has 
invested 200 USD for every kW of the Pump of Geothermal 
Energy, with an upper limit of 5 200 USD. 

4. GROUND GEOTHERMAL ENERGY 
RESOURCES IN ALBANIA 

Heat quantity, temperature at Earth surface, and geothermal 
gradient in shallow geological section, are conditioned by 
geographical location, geomorphological conditions (Earth 
surface dip and position in relation by Sun), ground and 
bedrocks lithology, specific heat and humidity, season and 
weather. According to the multy annual meteorological 
surveys result that in average is 140,000 calory.cm' 2 heat from 
solar radiation of the ground during the summer at the plane 
areas of the Albania. Heat quantity reaches 120,000 calory.cm' 
2 at northeaster mountains regions [Gjoka L., 1990]. 

Thermal field distribution and geothermal gradient values in 
the ground at shallow geological section are conditioned that at 
the depth 100m the temperatures reaches from 16oC up to 
18.8°C at plane areas in the Ionian tectonic zone and in Peri 
Adriatic Depression (Fig. 2). The areas with a temperature 
between 18 °C and 19 °C are located at Kolonje-Divjake- 
Kryevidh, Vlore and Sarande-Delvine zones (Frasheri A., et al. 
2004, 2008). 

There are some particularities in the distribution of the 
temperature at the depth 100m: 

Temperature in subsurface ground at littoral area : 

Minimal temperature is 16.60 °C 
Maximal temperature is 18.80 °C 
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Average temperature is 17.80 °C 
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Temperature in subsurface ground at western plane-hilly area: 
Minimal temperature is 17.15 °C 
Maximal Temperature is 18.41 °C 
Average Temperature is 18.0 °C 

Temperature in subsurface ground at hilly -mountains regions: 
Minimal temperature is 6.70 °C 
Maximal temperature is 18.60 °C 
Average temperature is 14.75 °C 

In plane area of Albania, example in the Tirana field (Rinasi), 
the temperature is 15.5 °C, up to logging depth 31 m, in the 
Quaternary deposits (Fig. 3) (Frasheri et al. 2003). According 
to the well-known data, the layers at the depth from 0-8-10 m 
have a temperature, which is conditioned by solar radiation 
energy. During the winter, the temperature is lower than during 
the summer. Below, the ground temperature is constant during 
the year, because don’t have the influence from solar radiation. 
Depth limit of the solar radiation influence zone is not unique. 
Lateral changes up to 0.5 °C are observed in the 500m 
distances, for the same time. These lateral changes are 
conditioned by lithology of the Quaternary loose deposits. The 
belt of the constant temperature continues up to the depth 50 m 
in the mountain regions of the Albania. 

According to the analyse of the geothermal regime of the 
shallow geological section is concluded that is possible to use 
the ground heat for the space heating and cooling, applied 
modern Borehole Heat exchanger - geothermal Heat Pump. 


Ground geothermal energy has heated the 
underground water reservoir (Fig. 3,4). In Tirana underground 
water basin are following temperatures: 

Water temperature of the Quaternary gravel layer is 
14-15 °C, 

Water temperature of the Quaternary sandstone layers 
is 15-16°C 

Consequently, concluded that water of the Tirana underground 
basin can be a heat source for the geothermal pumps. 

5. ECONOMIC EVALUATION OF THE 
PROPOSED SCHEME HEATING OF 
UNIVERSITY “FAN NOLI”, KORQA CITY 
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Fig. 3. Thermolog of the Rinasi borehole 

Heating system , there are analyzed three 
variants: 

a) Borehole-Geothermal Heat Pump 

b) Borehole-Heat Exchanger-Geothermal Heat Pump 
b) Oil Fired Boiler 

Installed cost for: 

a) B orehole-Geothermal Heat Pump 58.101 Euro 

b) Borehole-Heat Exchanger-Geothermal Heat Pump 

121.123 

c) Oil Fired Boiler 16.579 


Specific Installed cost for: 

a) Borehole-Geothermal Heat Pump 59.3 Euro/m 2 

b) Borehole-Heat Exchanger-Geothermal Heat Pump 109.3 

b) Oil Fired Boiler 15.6 


Yearly expenses for the oil for boiler and electric Energy 
for geothermal heat pumps: 

Oil for boiler 39.960 Euro 

Electric energy for Borehole-Heat Exchanger- 
Geothermal heat pump system 26.970 

Electric energy for B orehole-Geothermal heat pump 
system 24.814 


Total heated surface, for three-floors: 1200 m 2 
Heating system: Borehole-Heat Pump-Radiators 
Heating capacity 134 KW 
Heating period 1836 hours 


Payback period for the installed cost for: 

Payback period of Borehole-Heat Exchanger 
Geothermal heat pump system 2,2 years 
Payback period of Borehole-Geothermal heat pump 
system 4,9 

Installed cost can be covered only by expenses savings for boiler 
fuel. 
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In fig 5 is presented the graphic of the installed costs and yearly 
expenses for the oil and electric energy for the geothermal heat 
pumps for space heating for different heating systems. 
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geothermal heat pumps for space heating and installation costs 
for different heating systems. 
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Fig. 5. Installed costs and yearly expenses for fuell and electric 
energy for the geothermal heat pumps for space heating for 
different heating systems. 

Legend: Serie 1: Borehole- Geothermal Heat Pump system , 
Serie 2: Borehole-Heat Exchanger Geothermal Heat Pump 
system ; Serie 3: Boiler system, oil price 1,2 Euro/liter; 

Serie 4: Boiler system, oil price 0.8 Euro/liter. 


Fig. 7- The plots of the differences of yearly cumulative 
expenses for fuel and electric energy for the geothermal heat 
pumps for space heating and installation costs for different 
heating systems (in Euro). 

Legend: Serie 1: Borehole- Geothermal Heat Pump system , 
Serie 2: Borehole-Heat Exchanger Geothermal Heat Pump 
system ; Serie 3: Boiler system. 


Fig. 6 shows the cumulative yearly expenses for the 
fuel and electric energy for heating system works. 



Fig. 6. Cumulative yearly expenses for the oil and electric 
energy for the geothermal heat pumps for space heating for 
different heating systems (in Euro). 

Legend: Serie 1: Borehole- Geothermal Heat Pump system , 
Serie 2: Borehole-Heat Exchanger Geothermal Heat Pump 
system ; Serie 3: Boiler system. 

In the fig. 7 is presented the plots of the differences of yearly 
cumulative expenses for the fuel and electric energy for the 


Price of heating energy for the geothermal system results 3,45 
Lek/kWh (0,0265 Euro/kWh) and 5,81 Lek/kWh (0,0446 
Euro/kWh) respectively for Borehole-Geothermal Heat Pump 
system , Serie 2: Borehole-Heat Exchanger Geothermal Heat 
Pump system; in the same time for the boiler system the price 
results 16,9 Lek/kWh (0,13 Euro/kWh), consequently 4, 9-2, 9 
time more expenses (fig. 8) 



Fig. 8. Cost in Lek/kWh for space heating of the 
University of Korga building, for the payback period. 

Legend: Serie 1: Borehole- Geothermal heat pump system , 

Serie 2: Borehole-Heat Exchanger Geothermal heat pump 
system ; Serie 3: Boiler system. 
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According to this analyze and graphics of the fig. 5-8, results 
that geothermal heating and cooling system is more economic 
system that boiler system. 
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Frasheri A. 2008. Geothermal energy resources in Albania and 
platform for direct use of these resouces. (Part I). National 
Program R & D, Water & Energy (2007-2009). 


6. CONCLUSIONS 

a) The heating problem and its economic solution is an 
important task, taking into consideration the current severe 
energetic crises. One of the ways out is the use of geothermal 
energy. In Albania there are many high-rise building, which 
are still projected to include oil or gas fired boiler systems, as 
well as with air conditioning units. Air conditioning units heat 
all public institutions. The hospitals, dorms, hotels are heated 
by oil and gas fired boilers. It is the ripe time to move out of 
such practices, which do not provide for long term sustainable 
solutions to the heating and cooling problems in Albania. 

b) Direct use of the geothermal energy for space 
heating/cooling can be contribute to improve country energy 
balance. 

c) It is the right time to introduce systems using renewable 
energy shallow sources such as the geothermal energy: . 

d) Geothermal space heating/cooling systems represent not 
only high economical efficiency but are environmental 
friendly. 

Based on these conclusions, in the condition of the intensive 
building’s construction in Albania and energetic crisis, are 
important two recommendations: 

Firstly, the geothermal systems must have the priority for 
space heating/cooling of the new public and private buildings 
(industrial, and residential, etc.), 


Secondly, the geothermal systems must have the priority 
during the re-construction of the heating/cooling systems of the 
hospitals, schools, dorms, hotels, etc., which are heated by oil 
and gas fired boilers. 
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Fig. 2. Temperature map of Albania, at the depth 100 m. 
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Fig. 4. Shallow Heat Source of Quaternary aquifer in Tirana Field region and borehole construction 

for water pumping to the Geothermal Heat Pump. 
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ABSTRACT 


Paper represents a summary of the important results of the Monograph “Atlas of geothermal resources in Albania” (2004), and “Platform for 
integrated and cascade use of geothermal energy of low enthalpy in the framework of energetic balance of Albania” (2008). Atlas is 
publication of the results of studies, which were performed in the framework of the National Program for Research and Developing- Natural 
Resources, 2003-2005, project of the. Committee for Sciences and Technology of Albania and agreement between the Faculty of Geology 
and Mining, and the Geophysical Institute, Czech Acad. Sci., Prague, European Commission- International Heat Flow Commission and 
UNDP-GEF/SGP Tirana Office projects (1989-2005) [Frasheri A. 1992, Frasheri A. et al. 1994, 1995, 1996, 2001, 2003]. Platform is 
prepared in the framework of the National Program for Research and Development, “Water and Energy” 2007-2009. Has been published a 
monograph: “Space Heating/Cooling Borehole- Vertical Heat Exchanger-Heat Pump System”(2008). 

In Albania there are many thermal water springs and wells of low enthalpy, with a temperature of up to 65.5°C, which indicates that there are 
possibilities for direct use of the geothermal energy. In Albania the new technologies of direct use of geothermal energy are either partly 
developed or remain still untouched. Integrated and cascade use of geothermal energy of low enthalpy will be represent an important 
direction for profitable investment. Exploitation of geothermal energy will have a direct impact in the development of the regions, by 
increasing their per capita income and at the same time ameliorating the standard of living of the people. 


Keywords: Geothermal energy, direct use, heat flow,. 

1. INTRODUCTION 

In Albania, rich in geothermal resources of low enthalpy and 
mineral waters, new technologies of direct use of geothermal 
energy are still undeveloped. Large numbers of geothermal 
energy of low enthalpy resources, a lot of mineral water 
sources and some C0 2 gas reservoirs represent the base for a 
successful application of modern technologies in Albania, to 
achieve economic effectiveness and success of complex direct 
use. 

At the present, many geothermal, hydrogeological, 
hydrochemical, biological and medical investigations and 
studies on thermal and mineral water resources are ongoing in 
Albania. The results of the geothermal studies carried out in 
Albania are presented in maps and geothermal sections. 
Temperature maps have been drawn for different levels up to 
3000m depth. Geothermal gradient, heat flow density and 
geothermal resources maps have also been drawn. The natural 
springs with thermal waters and the geological structures with 
high water temperature have also been mapped. Generally, 
these investigations and studies are separated each from the 
other. These studies and evaluations are necessary to well 
know at a regional scale the thermal and mineral water 
resources potential and geothermal market of the Albania. 

According to the results of these new studies, the evaluation of 
the perspective level of the best areas in country will be 
necessary. After such evaluation is possible to start 
investments in these areas. Integrated exploitation and cascade 
direct use of the geothermal energy will be realized by an 
integrated scheme of geothermal energy, heat pumps and solar 
energy. This scheme gives an environmental benefit by using 
renewable energies (geothermal and solar energy), new 
technologies (heat pumps) and energy savings (cascade 
scheme). Cascade scheme should be used to fulfill the thermal 


energy demand for the selected area in order to get the 
maximum benefit from geothermal energy and the minimum 
energy supply from heat pumps. 

Actually in Albania the study of the possibilities of 
exploitation of the geothermal energy has begun. The aims of 
the project are to examine, demonstrate and disseminate the 
positive technical and financial aspects of transfer and 
utilization of innovative geothermal energy technologies in 
Albania. 

2. GEOLOGY BEACKGROUND 

The Albanides represent the main geological structures that lie 
on the territory of Albania. They are located between the 
Dinarides in the north and the Helenides in the south, and 
together they form the Dinaric Branch of Mediterranean 
Alpine Belt. Albanides are divided in two big 
peleogeographical zones: the Inner Albanides and the External 
Albanides. Korabi, Mirdita (ophiolitic belt), presents the Inner 
Albanides and Gashi zones. The Alps, the Krasta-Cukali, the 
Kruja, the Ionian zone, the Sazani zone and the Pre- Adriatic 
Depression present the External Albanides. Depression as a 
part of Albanian Sedimentary Basin, continued towards the 
shelf of the Adriatic Sea. The geological cross-section of 
Albanian Sedimentary Basin is about 15 km thick and it 
continues also in the Adriatic Sea Shelf. 

The structures of the Albanides are typically Alpine ones. The 
SSE-NNW directions represent their general strike. The 
structures are asymmetrical and have a western vengeance. 
Recumbent, overthrusted and overtwisted structures are found, 
too. Generally, their western flanks are affected by disjunctive 
tectonic. 
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3. METHODS AND STUDY AREA 

Geothermal studies carried out in Albania are oriented toward 
the study of the distribution of the geothermal field and the 
natural thermal water springs and wells. Geothermal studies 
were extended all over the country territory. 

The temperatures have been measured and the geothermal 
gradient and the heat flow density at different depths have also 
been calculated (Frasheri et al. 1995). Temperature 
measurements were carried out both in 145 deep wells, in 
boreholes and in mines, at different hypsometric levels. The 
temperature in the wells was recorded at regular intervals. It 
was measured by means of resistance and thermistor 
thermometers. The average absolute measurement error was 
0.3 °C. The measurements were carried out in a steady-state 
regime of the wells filled with mud or water. The recorded data 
were processed using the trend analysis of first and second 
degrees. The chemical composition of the waters was found. 
The output of the springs and wells and their hydrogeology 
was evaluated. 

4. RESULTS 

4.1. Geothermal Regime 

The Geothermal Regime of the Albanides is conditioned by 
tectonics of the region, lithology of geological section, local 
thermal properties of the rocks and geological location 
(Frasheri A. 1992, Frasheri et al. 1994, 1995, 2004). 

4.1.1. Temperature 

The geothermal field is characterized by a relatively low value 
of temperature. The temperature at 100 meters depth vary from 
less than 10 to almost 20°C, with lowest values in the 
mountain regions Fig. 1). The temperature is 71.8oC at the 
depth 3000 meters (Fig. 2), and 105. 8°C at 6000 meters depth, 
in the central part of the Peri-Adriatic Depression. The 
isotherm runs parallel the Albanides strike (Fig. 2). Going 
deeper and deeper the zones of highest temperature move from 
southeast to northwest, towards the center of the Peri-Adriatic 
Depression and even further towards the northwestern coast. 
The temperatures in ophiolitic belt are higher than in 
sedimentary basin, at the same depth. 

4.1.2. Geothermal Gradient 

In the External Albanides the geothermal gradient is relatively 
higher. The geothermal gradient displays the highest value of 
about 21.3 mK.m" 1 in the Pliocene clay section in the centre of 
Peri-Adriatic Depression. The largest gradients are detected in 
the anticline molasses structures of the center of Pre-Adriatic 
Depression. The gradient decreases about 10-29% where the 
core of anticlines in Ionic zone contains limestone. The lowest 
values of 7-1 1 mK.m" 1 of the gradient are observed in the deep 
synclinal belts of Ionic and Kruja tectonic zones. 


In the ophiolitic belt of the Mirdita tectonic zone, the 
geothermal gradient values increase up to 36 mK.m' 1 at 
northeastern and southeastern part of the Albania. 

4.1.3. Heat Flow Density: 

Regional pattern of heat flow density in Albanian territory is 
presented in the Heat Flow (Fig. 3) Map. There are observed 
two particularities of the scattering of the thermal field in 
Albanides: 

Firstly, maximal value of the heat flow is equal to 42 mW/m 2 
in the center of Peri-Adriatic Depression of External 
Albanides. The 30 mW" 2 value isotherm is open towards the 
Adriatic Sea Shelf. These phenomena have taken place owing 
to the great thickness of sedimentary crust, mainly carbonatic 
one in this zone. 

Secondly, in the ophiolitic belt at eastern part of Albania, the 
heat flow density values are up to 60 mW/m 2 . The contours of 
Heat Flow Density give a clear configuration of ophiolitic belt. 
Radiogene heat generation of the ophiolites is very low. In 
these conditions, increasing of the heat flow in the ophiolitic 
belt, is linked with heat flow transmitting from the depth. The 
granites of the crystalline basement, with the radiogenic heat 
generation, represent the heat source. 

4.2. Geothermal energy resources in Albania 

Large numbers of geothermal energy of low enthalpy resources 
are located in different areas of Albania. Thermal waters with a 
temperatures that reach values of up to 65.5°C are sulfate, 
sulfide, methane, and iodinate -bromide types (Frasheri A. et al. 
1996, 2004) (Tab. 1, Fig.4). In many deep oil and gas wells 
there are thermal water fountain outputs with a temperature 
that varies from 32 to 65.5°C (table 1, Fig. 4). 

Albanian geothermal areas have different geologic and thermo - 
hydrogeological features. Thermal sources are located in three 
geothermal zones (fig. 4): 

Kruja geothermal zone represents a zone with bigness 
geothermal resources. Kruja zone has a length of 180 km. 
Kruja Geothermal Zone is extended from Adriatic Sea at North 
and continues in South-Easter area of Albania and in Konitza 
area in Greece. Photo 1 shows Langarica - Permet thermal 
springs at southern Albania. Identified resources in carbonate 
reservoirs in Albanian side are 5.9x1 0 8 -5. lxl 0 9 GJ. The most 
important resources, explored until now, are located in the 
Northern half of Kruja Geothermal Area, from Llixha-Elbasan 
in the South to Ishmi, in the North of Tirana. The values of 
specific reserves vary between 38.5-39.63 GJ/m 2 . 

Kruja geothermal area represents an anticline structure chain 
with carbonatic core of Cretaceous -Eocene age. They are 
covered with Eocenic- Oligocenic flysch. Anticlinals are linear 
with as length of 20-30 km. They are assymmetric and their 
western flanks are separated from disjunctive tectonics. 
Geothermal aquifer is represented by a karstified neritic 
carbonatic formation with numerous fissures and 
microfissures. 
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Thermal water sources and wells in Albania 

Tab. 1 
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Type of 

Location 

Temperature, 

TDS, 

Yield, 

the 


(°C) 

(mg/1) 

1/sec 

source 





Natural 

Spring 

Llixha Elbasan, 
Peshkopi, 

Krane (Sarande), 

Langaric (Permet), 

Shupal (Tirane), 

Sarandoporo 

(Leskovik), 

Postenan 

(Leskovik) 

Tervoll (Gramsh), 
Mamurras (Tirane). 

21-60 

0.3-26 

10-40 

Deep 

wells 

Peri Adriatic 
Depression and in 
the Kruja tectonic 
zone 

29.3-65.5 

1-19.3 

0.9-18 


In the Ishmi area, Ishmi 1-b well has been drilled in 1994. It is 
situated in the top part of the limestone structure. It is located 
20 km North- West of Tirana, in the plain area, near “Mother 
Theresa” Tirana airport. It meets limestone at 1300m of depth 
and goes through a carbonatic coupe of 1016 m thickness. 

Kozani 8 well has been drilled in 1989 (Photo 1). It is situated 
35 km South- East of Tirana and 8 km North- West of 
Elbasani. It is situated on hills close to Tirana- Elbasani 
national road. It meets limestone at 1810m of depth and goes 
10m deep in them. 


Peshkopia gjeotermal zone is situated in the Northeast of 
Albania. Two kilometers East of Peshkopia some thermal 
springs are situated very close to each other. These thermal 
springs flow out on Banja river slope. These springs are linked 
with the disjunctive tectonic seismic -active zone Ohrid Lake- 
Debar, at periphery of gypsum diapir of Triassic age, that has 
penetrated Eocenic flysch, which surround it like a ring. The 
occurrence of thermal waters is connected with the low 
circulation zone always under water pressure. They are of 
sulfate-calcium type, with a mineralization of up to 4.4 g/1, 
containing 50 mg/1 H 2 S. Their chemical formula is: 


^ 2 ^ 0.0495 ^ 4.4 


SO i 


56 


Ca 


65 


Yield of some of the springs goes up to 14 1/sec. 
temperature is 43.5 °C. 


Water 


Water temperature and big yield, stability, and also aquifer 
temperature of Peshkopia Geothermal Area similar are with 
those of Kruja Geothermal Area. For this reason geothermal 
resources of Peshkopia Area have been estimated to be similar 
to those of Tirana- Elbasani area. 


Ardenica geothermal zone is located in the coastal area of 
Albania, in sandstone reservoirs. 

5. DIRECTIONS FOR THE DIRECT USE OF 
GEOTHERMAL ENERGY OF LOW ENTHALPY IN 
ALBANIA 

The geothermal situation of low enthalpy in Albania offers 
three possibilities for the direct use of geothermal waters 
energy. Geothermal energy exploitation must be realized by 
integrated scheme of geothermal energy, heat pumps and solar 
energy, and cascade use of this energy (Frasheri A. 2001, 
Frasheri A. et al. 2003, 2004, 2008). 


Since the end of the drilling to this day hot water continues to 
fountain from Ishmi 1-b and Kozani 8 wells. 

Elbasani Llixha watering place is about 12 km South of 
Elbasani. There are seven spring groups that extend like a belt 
with 320° azimuth. All of them are connected with a the main 
regional disjunctive tectonics of Kruja zone. Thermal waters 
flow out through the contact of conglomerate layer with 
calcolistolith. In this area too, the reservoir is represented by 
the Llixha limestone structure. These springs have been known 
before Second World War. 


Surface water temperatures in the Tirana-Elbasani zone vary 
from 60° to 65.5°. In the aquifer top in the well trunk of 
Kozani 8 temperature is 80°C. Hot water is mineralized, with a 
general mineralization of 4.6-19.3 g/1. Elbasani Nosi Llixha 
water has the following formula: 


^ 2 ^ 0.403 ±y± 7.1 


Cl so 4 

jyj ^ 59 OLy 38 


Na 46 Ca 35 


Photo 2 shows the Langaric-Permet geothermal water-place . 


Firstly, the Ground Heat can be use for space heating and 
cooling by Borehole Heat Exchanger-Geothermal Heat Pumps 
modern systems. 

Secondly, thermal sources of low enthalpy and of maximal 
temperature up to 65.5°C. 

Thermal waters of springs and wells may be used in several 
ways: 

1. Modem SPA clinics for treatment of different diseases and 
hotels, with thermal pools, for development of eco-tourism. 
Such centers may attract a lot of clients not only from Albania, 
because the good curative properties of waters and springs are 
situated at nice places, near seaside, Gjinari mountain or Ohrid 
Lake pearl. 

The oldest and important is Elbasani Llixha SPA is located in 
Central Albania. By national road communication, Llixha area 
is connected with Elbasani. These thermal springs from about 
2000 years ago are known, near of the old road “Via Egnatia" 
that has passed from Durresi-Ohrid- to Constantinople. All 
seven groups of the springs in Llixha Elbasani and Kozani-8 
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7. ACKNOWLEDGMENTS 


well, near of Saint Vladimir Monastery at Elbasani, have the 
possibilities for modern complex exploitation. Ishmi 1/b 

geothermal well is located in beautiful Tirana field, near of 
Mother Theresa- Tirana Airport, near of the Adriatic coastline 
and Kruja - Skenderbeg Mountain. 

Peshkopia SPA was constructed by modern concepts as 
balneological geothermal center. There are thermal pools, for 
medical treatment and recreation. Construction of the 
Peshkopia SPA must be en good example for new SPA 
construction in Albania. 

2. The hot water can be used also for heating of hotels, SPA 
and tourist centers, as well as for the preparation of sanitary 
hot water used there. Near these medical and tourist centers it 
is possible to built the greenhouses for flowers and vegetables, 
and aquaculture installations. 

3. From thermal mineral waters it is possible to extract very 
useful chemical microelements as iodine, bromine, chlorine 
etc. and other natural salts, so necessary for preparation of 
pomades for the treatment of many skin diseases as well as for 
beauty treatments. From these waters it is possible to extract 
sulphidric and carbonic gas. 

Thirdly, the use of deep doublet abandoned oil and gas wells 
and single wells for geothermal energy, in the form of a 
“Vertical Earth Heat Probe”. The geothermal gradient of the 
Albanian Sedimentary Basin has average values of about 18.7 
mK-m' 1 . At 2 000 m depth the temperature reaches a value of 
about 48°C. In these single abandoned wells a closed circuit 
water system can be installed. Near of these wells, can be build 
greenhouses. 

Consequently, the sources of low enthalpy geothermal energy 
in Albania, which are at the same time the sources of multi- 
element mineral waters, they represent the basis for a 
successful use of modern technologies for a complex and 
cascade exploitation of this environmental friendly renewable 
energy, achieving a economical effectiveness. Such 
developments are useful also for the creation of new working 
places and improvement of the level of life for local 
communities near thermal sources. 

6. CONCLUSIONS 

1. Albania has geothermal energy resources, which can be 
direct use as alternative, environmental friendly energy. 

2. Resources of the geothermal energy in Albania are; 

a) Natural springs and deep wells with thermal water, of 
a temperature up to 65.5°C. 

b) Heat of subsurface ground, with an average 
temperature of 16.4°C and depth Earth Heat Flow. 

3 . Construction of the space-heating system, based on direct 
use of ground heat, by using of the shallow borehole heat 
exchanger (BHE)-Heat Pumps systems, is actually most 
important direction of the use of geothermal energy. 


The authors express their thanks also to their colleagues of the 
Geothermal Team at the Faculty of Geology and Mining of the 
Polytechnic University of Tirana and of Geophysical Institute 
at Academy of Sciences of the Czech Republic in Prague, for 
their scientific collaboration and help in our studies of 
geothermal energy. 
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Fig. 2 
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ABSTRACT 

Geothermal energy of low enthalpy sources in Albania are presented in the paper. Geothermal 
sources in Albanian are located in three geothermal zones: 

• Kruja geothermal zone, with an identifiable resources 5.9xl0 8 -5.1xl0 9 GJ in carbonate 
reservoirs. 

• Ardenica geothermal zone in sandstone reservoirs, and 

• Peshkopia gjeothermal zone, where the springs are linked with the disjunctive tectonic seismic- 
active zone. 

The geothermal situation of low enthalpy in Albania, offers three domains for the direct use of 
geothermal energy: 

First, geothermal heat pump system for space heating and cooling. 

Second, thermal waters of low enthalpy are natural sources or wells in a wide territory of Albania. 
They represent the basis for a successful use of modern technologies for a complex and cascade direct 
use of energy.: 

Third, the use of deep abandoned oil and gas wells as “Vertical Earth Heat Probe”. 

KEYWORDS: Geothermal energy, geothermal regime, heat flow density, low enthalpy, thermal water, 
direct use. 

1. INTRODUCTION 

Paper represents a summary of the important results of the geothermal studies and projects in Albania, 
performed in the framework of the National Program for Research and Developing, Water & Energy 
(1993-1997, 2003-2005, 2007-2009), agreement between the Faculty of Geology and Mining, and the 
Geophysical Institute, Czech Acad. Sci., Prague, European Commission- International Heat Flow 
Commission and UNDP-GEF/SGP Tirana Office projects [1, 2, 3, 4, 5, 7, 10, 11, 12], 

In Albania there are many thermal water springs and wells of low enthalpy, with a temperature of up to 
65.5°C, which indicates that there are possibilities for direct use of the geothermal energy. In Albania the 
new technologies of direct use of geothermal energy are either partly developed or remain still untouched. 
Integrated and cascade use of geothermal energy of low enthalpy will be represent an important direction 
for profitable investment. Exploitation of geothermal energy will have a direct impact in the development 
of the regions, by increasing their per capita income and at the same time ameliorating the standard of 
living of the people. 
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2. GEOLOGY BEACKGROUND 

The Albanides represent the main geological structures that lie on the territory of Albania. They are 
located between the Dinarides in the north and the Helenides in the south, and together they form the 
Dinaric Branch of Mediterranean Alpine Belt. Albanides are divided in two big peleogeographical zones: 
the Inner Albanides and the External Albanides. Korabi, Mirdita (ophiolitic belt), presents the Inner 
Albanides and Gashi zones. The Alps, the Krasta-Cukali, the Kruja, the Ionian zone, the Sazani zone and 
the Pre-Adriatic Depression present the External Albanides. Depression as a part of Albanian 
Sedimentary Basin, continued towards the shelf of the Adriatic Sea. The geological cross-section of 
Albanian Sedimentary Basin is about 15 km thick and it continues also in the Adriatic Sea Shelf. 

Ionian zone is developed as a large pelagic trough in the Upper Triassic. There, the evaporites of the 
Permian-Triassic are overlapped by a thick carbonatic formation of the Upper Triassic-Eocene. The 
geological section on this carbonatic formation is covered by Oligocene flysch, a flyschoid formation of 
the Aquitanian and by schilieres of the Burdigalian, Helvetian and particularly of Serravalian- Tortonian 
molasses. Burdigalian deposits are overlapped transgressively with an angular unconformity, anticline 
belts. The Tortonian Age deposists have filled the synclinal belts of Ionic and Kruja tectonic zones. 

Miocene and Pliocene molasse of Peri-Adriatic Depression overlies the structures of northern part of the 
Ionian zone. The structure of Neogene molasses represents the upper tectonic stage of the structure of the 
Peri-Adriatic Depression. 

In the over part of the section of Kruja zone, the carbonatic neritic rocks of the Cretaceous-Paleogene age 
are overlying the Oligocene flysch of a thickness of 5 km. 

The structures of the Albanides are typically Alpine ones. The SSE-NNW directions represent their 
general strike. The structures are asymmetrical and have a western vengeance. Recumbent, over thrusted 
and over twisted structures are found, too. Generally, their western flanks are affected by disjunctive 
tectonic. 

3. METHODS AND STUDY AREA 

Geothermal studies carried out in Albania are oriented toward the study of the distribution of the 
geothermal field and the natural thermal water springs and wells. Geothermal studies were extended all 
over the country territory. 

The temperatures have been measured and the geothermal gradient and the heat flow density at different 
depths have also been calculated [2, 4], Temperature measurements were carried out both in 145 deep 
wells, in boreholes and in mines, at different hypsometric levels. The temperature in the wells was 
recorded at regular intervals. It was measured by means of resistance and thermistor thermometers. The 
average absolute measurement error was 0.3°C. The measurements were carried out in a steady-state 
regime of the wells filled with mud or water. The recorded data were processed using the trend analysis 
of first and second degrees. The chemical composition of the waters was found. The output of the springs 
and wells and their hydrogeology was evaluated. 

4. RESULTS 

4.1. Geothermal Regime 

The Geothermal Regime of the Albanides is conditioned by tectonics of the region, lithology of 
geological section, local thermal properties of the rocks and geological location [1, 2, 4]. 


4.1.1. Temperature 
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The geothermal field is characterized by a relatively low value of temperature. The temperature at 
100 meters depth vary from less than 10 to almost 20°C, with lowest values in the mountain regions. The 
temperature is 105. 8°C at 6000 meters depth, in the central part of the Peri-Adriatic Depression. The 
isotherm runs parallel the Albanides strike (Fig. 1,2). Going deeper and deeper the zones of highest 
temperature move from southeast to northwest, towards the centre of the Peri-Adriatic Depression and 
even further towards the north-western coast. The temperatures in ophiolitic belt are higher than in 
sedimentary basin, at the same depth. 

4.1.2. Geothermal Gradient 

In the External Albanides the geothermal gradient is relatively higher. The geothermal gradient 
displays the highest value of about 21.3 mK.m" 1 in the Pliocene clay section in the centre of Peri-Adriatic 
Depression. The largest gradients are detected in the anticline molasses structures of the centre of Pre- 
Adriatic Depression (Fig. 3). The gradient decreases about 10-29% where the core of anticlines in Ionic 
zone contains limestone. The lowest values of 7-11 mK.m' 1 of the gradient are observed in the deep 
synclinal belts of Ionic and Kruja tectonic zones. 

In the ophiolitic belt of the Mirdita tectonic zone, the geothermal gradient values increase up to 36 
mK.m" 1 at north-eastern and south-eastern part of the Albania. 


4.1.3. Heat Flow Density: 

Regional pattern of heat flow density in Albanian territory is presented in the Heat Flow Map. 
There are observed two particularities of the scattering of the thermal field in Albanides (Fig. 4): 

Firstly, maximal value of the heat flow is equal to 42 mW/m 2 in the center of Peri-Adriatic Depression of 
External Albanides. The 30 mW' 2 value isotherm is open towards the Adriatic Sea Shelf. These 
phenomena have taken place owing to the great thickness of sedimentary crust, mainly carbonatic one in 
this zone. 

Secondly, in the ophiolitic belt at eastern part of Albania, the heat flow density values are up to 60 
mW/m 2 . The contours of Heat Flow Density give a clear configuration of ophiolitic belt. Radiogene heat 
generation of the ophiolites is very low. In these conditions, increasing of the heat flow in the ophiolitic 
belt, is linked with heat flow transmitting from the depth. The granites of the crystalline basement, with 
the radiogenic heat generation, represent the heat source. 

4.2. Geothermal energy resources in Albania 

Large numbers of geothermal energy of low enthalpy resources are located in different areas of Albania. 
Thermal waters with a temperatures that reach values of up to 65.5°C are sulfate, sulfide, methane, and 
iodinate-bromide types (Frasheri A. et al. 1996, 2004) (Tab. 1, Fig.5). In many deep oil and gas wells 
there are thermal water fountain outputs with a temperature that varies from 32 to 65.5°C (table 2, Fig. 5) 

Albanian geothermal areas have different geologic and thermo-hydrogeological features. Thermal sources 
are located in three geothermal zones (fig. 5): 

Kruja geothermal zone represents a zone with bigness geothermal resources. Kruja zone has a length of 
180 km. Kruja Geothermal Zone is extended from Adriatic Sea at North and continues in South-Easter 
area of Albania and in Konitza area in Greece. Photo 1 shows Lengarica - Permet thermal springs at 
southern Albania. Identified resources in carbonate reservoirs in Albanian side are 5.9xl0 8 -5.1xl0 9 GJ. 
The most important resources, explored until now, are located in the Northern half of Kruja Geothermal 
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Area, from Llixha-Elbasan in the South to Ishmi, in the North of Tirana. The values of specific reserves 
vary between 38.5-39.63 GJ/m 2 . 

Kruja geothermal area represents an anticline structure chain with carbonatic core of Cretaceous-Eocene 
age. They are covered with Eocenic- Oligocenic flysch. Anticlinals are linear with as length of 20-30 km. 
They are asymmetric and their western flanks are separated from disjunctive tectonics. Geothermal 
aquifer is represented by a karstified neritic carbonatic formation with numerous fissures and 
microfissures. 

In the Ishmi area, Ishmi 1-b well has been drilled in 1994. It is situated in the top part of the limestone 
structure. It is located 20 km North- West of Tirana, in the plain area, near “Mother Theresa” Tirana 
airport. It meets limestone at 1300m of depth and goes through a carbonatic coupe of 1016 m thickness. 

Kozani 8 well has been drilled in 1989 (Photo 2). It is situated 35 km South- East of Tirana and 8 km 
North- West of Elbasani. It is situated on hills close to Tirana- Elbasani national road. It meets limestone 
at 1810m of depth and goes 10m deep in them. Since the end of the drilling to this day hot water 
continues to fountain from Ishmi 1-b and Kozani 8 wells. 

Elbasani Llixha watering place is about 12 km South of Elbasani. There are seven spring groups that 
extend like a belt with 320° azimuth. All of them are connected with a the main regional disjunctive 
tectonics of Kruja zone. Thermal waters flow out through the contact of conglomerate layer with 
calcolistolith. In this area too, the reservoir is represented by the Llixha limestone structure. These 
springs have been known before Second World War. 

Surface water temperatures in the Tirana-Elbasani zone vary from 60° to 65.5°. In the aquifer top in the 
well trunk of Kozani 8 temperature is 80°C. Hot water is mineralized, with a general mineralization of 
4.6-19.3 g/1. 


Peshkopia gjeotermal zone is situated in the Northeast of Albania. Two kilometers East of Peshkopia 
some thermal springs are situated very close to each other. These thermal springs flow out on Banja river 
slope. These springs are linked with the disjunctive tectonic seismic-active zone Ohrid Lake-Debar, at 
periphery of gypsum diapir of Triassic age, that has penetrated Eocenic flysch, which surround it like a 
ring. The occurrence of thermal waters is connected with the low circulation zone always under water 
pressure. They are of sulfate-calcium type, with a mineralization of up to 4.4 g/1, containing 50 mg/1 H 2 S. 
Their chemical formula is: 

SO* 

TT C l\/f 56 

jn 2 O 0.0495 iV1 4.4 ^ 

Yield of some of the springs goes up to 14 1/sec. Water temperature is 43.5 °C. 

Water temperature and big yield, stability, and also aquifer temperature of Peshkopia Geothermal Area 
similar are with those of Kruja Geothermal Area. For this reason geothermal resources of Peshkopia Area 
have been estimated to be similar to those of Tirana- Elbasani area. 


Ardenica geothermal zone is located in the coastal area of Albania, in sandstone reservoirs. 
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Table 1. Thermal water springs in Albania 


N° of Springs 

Location 

Temperature in 
°C 

Salt 
in mg/I 

Artesian 
Spring yield in 
l.s-1 

1 

Llixha Elbasan 

60 

0.3 

0 

2 

Peshkopi 

5-43 

9 

10 

3 

Krane-Sarande 

34 


<10 

4 

Lengarica-Permet 

6-31 


>10 

5 

Shupal-Tirana 

29.5 


10 

6 

Sarandoporo-Leskovik 

26.7 


>10 

7 

Tervoll-Gramsh 

24 


>10 

8 

Mamurras-Tirane 

21 

26 

>10 

9 

Steam Postenani springs 





Table 2. The oil and gas wells that have self-discharge of the thermal water 


N° 

Well Name 

Temperatur 

e 

in °C 

Salt 

in mg. I 1 

Self- 
discharge 
in l.sec 1 

1 

Kozani 

65.5 

4.6 

10.4 

2 

Ishmi 

64 

19.3 

4.4 

3 

Galigati 

45-50 

5.7 

0.9 

4 

Bubullima 

48-50 

35 


5 

Ardenica 

38 


15-18 

6 

Ardenica 

32 



7 

Semani 

35 


5 

8 

Verbasi 

29.3 


1-3 



Photo 1. Lengarica-Permeti thermal water springs Photo 2. Geothermal deep well Kozani - 8 
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5. DIRECTIONS FOR THE DIRECT USE OF GEOTHERMAL ENERGY OF LOW ENTHALPY 
IN ALBANIA 

The geothermal situation of low enthalpy in Albania offers three possibilities for the direct use of 
geothermal waters energy. Geothermal energy exploitation must be realized by integrated scheme of 
geothermal energy, heat pumps and solar energy, and cascade use of this energy [2, 6, 7, 8, 9, 10, 11, 12]. 

Firstly, the Ground Heat can be use for space heating and cooling by Borehole Heat Exchanger- 
Geothermal Heat Pumps modern systems. 

Secondly, thermal sources of low enthalpy and of maximal temperature up to 65.5°C. 

Thermal waters of springs and wells may be used in several ways: 

1. Modern SPA clinics for treatment of different diseases and hotels, with thermal pools, for development 
of eco-tourism. Such centers may attract a lot of clients not only from Albania, because the good curative 
properties of waters and springs are situated at nice places, near seaside, Gjinari mountain or Ohrid Lake 
pearl. 

The oldest and important is Elbasani Llixha SPA is located in Central Albania. By national road 
communication, Llixha area is connected with Elbasani. These thermal springs from about 2000 years ago 
are known, near of the old road “Via Egnatia" that has passed from Durresi-Ohrid- to Constantinople. All 
seven groups of the springs in Llixha Elbasani and Kozani-8 well, near of Saint Vladimir Monastery at 
Elbasani, have the possibilities for modern complex exploitation. Ishmi 1/b geothermal well is located in 
beautiful Tirana field, near of Mother Theresa- Tirana Airport, near of the Adriatic coastline and Kruja - 
Skenderbeg Mountain. 

Peshkopia SPA was constructed by modern concepts as balneological geothermal center. There are 
thermal pools, for medical treatment and recreation. Construction of the Peshkopia SPA must be en good 
example for new SPA construction in Albania. 

2. The hot water can be used also for heating of hotels, SPA and tourist centers, as well as for the 
preparation of sanitary hot water used there. Near these medical and tourist centers it is possible to built 
the greenhouses for flowers and vegetables, and aquaculture installations. 

3. From thermal mineral waters it is possible to extract very useful chemical microelements as iodine, 
bromine, chlorine etc. and other natural salts, so necessary for preparation of pomades for the treatment of 
many skin diseases as well as for beauty treatments. From these waters it is possible to extract sulphidric 
and carbonic gas. 

Thirdly, the use of deep doublet abandoned oil and gas wells and single wells for geothermal energy, in 
the form of a “Vertical Earth Heat Probe”. The geothermal gradient of the Albanian Sedimentary Basin 
has average values of about 18.7 mK-m' 1 . At 2 000 m depth the temperature reaches a value of about 
48°C. In these single abandoned wells a closed circuit water system can be installed. Near of these wells, 
can be build greenhouses. 

Consequently, the sources of low enthalpy geothermal energy in Albania, which are at the same 
time the sources of multi-element mineral waters, they represent the basis for a successful use of modern 
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technologies for a complex and cascade exploitation of this environmental friendly renewable energy, 
achieving a economical effectiveness. Such developments are useful also for the creation of new working 
places and improvement of the level of life for local communities near thermal sources. 

6. CONCLUSIONS 

1. Albania has geothermal energy resources, which can be direct use as alternative, environmental 
friendly energy. 


2. Resources of the geothermal energy in Albania are; 

a) Natural springs and deep wells with thermal water, of a temperature up to 65.5°C. 

b) Heat of subsurface ground, with an average temperature of 16.4°C and depth Earth Heat Flow. 

3. Construction of the space-heating system, based on direct use of ground heat, by using of the shallow 
borehole heat exchanger (BHE)-Heat Pumps systems, is actually most important direction of the use of 
geothermal energy. 
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Summary: 

A half a century history of the application of geophysical 
methods in exploration of chrome ores deposits in 
Albania is presented in the paper. There are analyzed the 
best results and problems, which have solved the 
Albanian geophysicists, in the framework of integrated 
multi-disciplinary geological search of for chromite 
deposits. 

Introduction: 

The geophysical methods, as a part of integrated 
geological search for chrome ore deposits, have been 
applied in Albania to solve two main problems: 1) Direct 
exploration for ore bodies, and 2) Help in the geological- 
structural mapping in order to study the factors that 
control the mineralization. 

Albania was ranked at the third place in the world for 
exploitation of chrome ore, reaching an amount of 
960,000 ton/year. There was gained a good experience 
for the geophysical exploration of chrome deposits and 
were set up integrated methods for ground and 
underground surveys. These are achievements of a 
complex team of geophysicists and geologists. 

Field Description 

Geologic Setting 

The ophiolites of Albanides a rich chromite-bearing belt 
represent. Chrome ore deposits are concentrated in the 
ultramaphic massifs, which have tectonic and cumulate 
sequences. The lower part of tectonic sequence 
represents the hartzburgite facies with dunitic 
alternation, composed of fresh rocks in the lower levels 
up to medium serpentinized rocks in upper levels. 
Podimorf ore bodies as pseudostratos folded, lens, and 
column types, have rather big dip angle (Hallaq, H., et al. 
1989). The ore’s texture is represented as massive, 
nodular and disseminated one. The content of chrome 
oxide varies from 20% to (42-44) %. The thickness of the 
ore bodies, stretching from some tens of meters to some 
hundreds of meters, (in some cases up to 1550 meters) 
varies from 0.5 up to 5-10 meters, dipping down to 200 - 
400m. The cumulate sequence is situated with angular 
unconformity over tectonite ones. The dunite with rare 
alternations of hartzburgite and lherzolite are 

predominant inside this sequence. Chromite in its lower 
levels becomes more aluminite than in higher levels. 

Geophysical exploration 

The geophysical complex for direct chrome ore search 
includes surface mapping by gravity, magnetic and IP 
methods, and underground surveying. Underground 
surveying was carried out for the exploration around 
mine works and bore holes. In order to get the 
geophysical documentation of the boreholes, are 
observed the magnetic field, the gravitational field, the 


IP, the electromagnetic waves, the scattered gamma 
radiation and the neutron activation (Frasheri, A., 2008, 

Lubonja, L. and Frasheri, A.„ 1966, Pumo, E. et al. 
1993). Gravity and magnetic mapping have been 
performed in the complex with geological mapping in the 
ore field zones. Micro-magnetic survey has been a part of 
the geological- structural mapping. Petrophysical studies 
are carried out for the ultrabasic rocks of some massifs 
and for chrome ores, in some deposits of Albania: 
density, magnetic susceptibility and remanent 
magnetization, electrical resistivity and induced 
polarization (Frasheri, A., 1974, Leka, P., and Vinqani, F. 
, 2004). 

Physical properties of chrome ores and ultrabasic 
rocks 

Density 

Iron-chrome ores have a density value from 2550-4380 

3 

kg/m . The ore’s density of Kam Tropoja deposit is 
mostly determined by its contain of C^Og, according to 

the relation, with a correlation coefficient of 0,92 
(Frasheri, A., 1974): 

o = 40.C + 2000 (kg/m 3 ) 

where a is the density of chrome ore, in kg/m 
C is the ore contain of Cr 2 0 3 in percentage, 

This relation changes from one to another deposit, and 
from one body to another body. The density of the 
chrome ore is conditioned also by the degree of the 
serpentinization of its olivine. The density values of the 
ultrabasic rocks of tectonic sequence of hartzburgites and 

3 

dunitic hartzburgites are between 2200 and 3340 kg/m . 
Serpentinized dunites can be distinguished by the 

3 

predominant density value of 2680 kg/m . Massive ores 
are very well distinguished from surrounding rocks; 
medium disseminates chromites can be distinguished by 
serpentinized rocks. Serpentinites and poor chromites are 
different from the last ones. Dunites and fresh 
hartzburgites, pyroxenites and also gabbro-pegmatites 
are differentiated from all kinds of serpentinized 
ultramaphic rocks. 

Magnetism 

The magnetism values of the chrome ore and the 
ultrabasic rocks is unstable and change in a wide range. 
The magnetism is the most variable property of them. 
Therefore, chrome ores and ultrabasic rocks can be 
classified as nonmagnetic, weakly magnetic, and strongly 
magnetic ones (Frasheri, A., 1974). 

Massive texture iron-chrome ore, situated inside fresh 
ultrabasic rocks, has an induced magnetization (h) 

predominant value of (500±50)-10~ 5 SI units. The 
remanent magnetization of those chromites varies 

between (100-8100)- 10"^ SI units. The remanent 
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magnetization (I r ) marked reduction down to lOOxlO' 5 
units SI, and the induced magnetization (L) reduction 
down to 300xl0' 5 units SI for the ores in the 
serpentinized rocks. This decreasing can be explained by 
the magnetization changes of the ferrite. Remanent 
magnetization vacillates in broader limits than the 
induced magnetization; especially, for particular samples 
it reaches up to 97000xl0' 5 units SI. 

The ultrabasic rocks have a magnetism, which changes in 
a broad band, conditioned mainly by the presence of the 
secondary magnetite and less by the magnetized 
accessory chrome spinel. The fresh dunites and 
hartzburgites of tectonic sequence are not magnetic. With 
the increase of the serpentinization process, the 
magnetization of dunites and hartzburgites gets stronger. 
This can be explained by the increase of the secondary 
magnetite and the thermoremanent magnetization. The 
magnetism of the serpentinites has a particularly 
characteristic: Its values vary in a wide range, from 
practically unmagnetic to strong magnetic, with values of 

I r = 70,000-lCf 05 SI units and I; = 3100-10' 05 SI units. 

Petromagnetic studies have shown the presence of 
inverse magnetization phenomenon for chrome spinel 
ores in some deposits. The ores in some deposits are 
characterised by vectors of remanent magnetization 
oriented in the average azimuth 0=356° and with dipping 
angle 0=-7O°, i.e. opposite to the direction of the vector 
of remanent magnetization for surrounding rocks in the 
Albanian territory location. 

Induced polarization chargeabilitv (IP) 

The chrome spinel ores and the ultrabasic rocks are 
characterised by IP chargeability values from 2-600 
mV/V. They may be from unpolarizable to strongly 
polarisable. The rich chrome spinel ores has an IP 
chargeability which varies from 7 to 300 mV/V. The ores 
of average and dense dissemination have the highest IP 
values. The ore cannot be polarized does not contain 
secondary magnetite. The ore has a polarizability up to 
40 mV/V when it has small quantities of secondary 
magnetite in the form of detached spots. The 
polarizability is increased many times, not only when the 
quality of magnetite is increased but also when it is 
placed very thin chains and veinlets, with a thickness 
about 0,00064-0,0032 mm. 

The IP coefficient of cumulate sequence ultramaphic 
rocks varies in a wide range than in the chromites. If the 
maximal value of this IP coefficient reaches in 300 
mV/V for the chromites, in the investigated rocks this 
one reaches up to 510 mV/V. The secondary magnetite, 
in the cumulative sequence dunite, is present in the form 
of veinlets. The fresh and the serpentinized rocks that do 
not contain secondary magnetite practically are not 
polarized (q<20 mV/V). There are also defined the 
dependence of polarizability on the resistivity of the ore 
and the ultrabasic rock. With the increase of the 
resisivity, polarizability is increased and reaches the 
maximal values in the samples with a resistivity of 
100.000 Ohmm. With the further increase of resistivity, 
the polarizability begins to decrease. 


The amplitude of the induced polarization also depends 
on the density of the polarizing current.. 

Based on petrophysical properties of the ultramaphic 
rocks and chrome ores it was concluded: 

1. The density is a more stable and typical physical 
property, which can be used for distinguishing 
chromites from the surrounding rocks. Therefore the 
gravity method is the basic geophysical method for 
the search for chrome deposits. 

2. There are strongly polarisable or magnetic ores 
whose density values have very small differences or 
no differences from the surrounding rocks. The 
bodies created by these ores, especially when they 
are situated between fresh rocks, are objects for the 
magnetic and geoelectrical surveying. 

3. There are chrome ores, which have the same or 
similar features with the surrounding rocks. These 
ore bodies cannot create local anomalies of physical 
fields and cannot be studied by geophysical methods. 
For example the disseminated structure ores, which 

have an average density value of 3300 kg/m and 
32% of contain, cannot be discriminated from 

the fresh dunite of the same density value. 

4. The physical properties of the ultramaphic rocks vary 
within broad limits and only in some cases a group of 
rocks can be differentiated by its physical properties 
from the surrounding rocks. The cumulate and the 
tectonic sequences are discriminated. These groups 
of rocks can create geophysical anomalies 
comparable with the ore body anomalies. 

5. The study of the orientation of the remanent 
magnetization vector of the ores and the surrounding 
rocks can be used as a supplementary information 
source about their formation conditions and 
consecutive changes in time. 

Application of geophysical methods in search for 
chrome deposits in Albania- case studies 

Exploration for chrome ore bodies 

The gephysival explorations carried out in most 

important Bulqiza ultrabasic massif can illustrate the 
effectiveness of the geophysical search for chrome ores. 
Geological and geophysical mappings, at scale 1:2000 
have been conducted in total over 65 km 2 or in 15% of 
surface of the Bulqiza massif (Langora LI. et al.. 1989). 
There are observed 215 geophysical anomalies have been 
fixed. Among them, 191 anomalies have been observed 
by only of one geophysical method, and 24 ones present 
complex anomalies: gravity, magnetic or IP. Fifty one 
anomalies were fixed over the known chromite 

bodies/occurrences and have contributed for their 

development in the strike direction. Thirteen anomalies 
have been discovered buried chromite bodies without 
surface outcrops. Thirty-five anomalies have been 

evaluated as very important for exploration and 
development works. Hundred sixteen have been non- 
mineralised anomalies; which are caused by particular 
rocks, tectonic faults, and topographic effects or by the 
change of the thickness of the deluvion. 

Geophysical anomalies caused by ore bodies have been 
observed in several areas. Over the ore bodies, weak 
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gravity anomalies are observed, with amplitude, about 
0,1-0, 2 mGal (fig. 1). These anomalies are more evident 
after the field transformation in vertical gradients of the 
gravity potential W zz and W zzz (fig. 2). Intensive and wide 
magnetic (positive or negative), and IP anomalies have 
been observed over a chromite ore bodies (Fig.3, 4). 

Underground geophysical surveys 

Underground geophysical surveys in boreholes and 
galleries have been performed to solve the following 
problems: 

1) The search around mine works. 

2) The outputs of the radio wave floodlighting and radio 
wave profiling give good results when the chrome ore is 
magnetic. 

3) IP methods can be used for the search of polarised ore 
bodies around boreholes by using the pole-dipole array 
N5M5A,B— >°o and N10M100A,B^°o, which can 
investigate a zone of a radius 7m and 60m, respectively. 

Well logging 

The main method used for documentation of the borehole 
is the density and selective gamma- gamma logging. 

Geophysical applications for geological mapping 

Geophysical surveys for geological structural mapping 
purposes have contributed, aimed at successfully solving 
some regional and local problems. The structure of 
ultramaphic rocks massifs and their relationship with the 
surrounding media have been studied (fig. 5). 

Micro magnetic survey has given good results in 
determining the primary textural elements in zones 
covered by 2-3 m thick soft sediments and in zones 
where these elements cannot be seen. 

Conclusions 

1) Geophysical anomalies are fixed on ore bodies and on 
rock inclusions. That means, not every anomaly may 
indicate about the presence of an ore body. On chrome 
ores there are not always geophysical anomalies. That 
means that the lack of anomalies does not necessarily 
indicate about the absence of ore bodies. The wide 
variation of the ore’s physical properties and those of the 
surrounding rocks can explain these alternatives. A 
geophysical anomaly can indicate only about the 
possibility of the existence of a chrome ore body. 

2) According to mathematical modllings, by gravity 
surveys is possible to discover chromite bodies in 
different depth, from tens to hundred meters, if will exist 
necessary mass of the ore body. For example, the ore 
body with radius 14,5 m and mass 50.000 tons, is 
possible to explorer up to 23,5 m depth of location, 
because the Bouguer anomaly will has an amplitude 
about 0,2 mGal. The mass about 3.500.000 tons can be 
explored at 200 m depth of location, by survey such 
anomaly, 0,2 mGal. These limitations create the need for 
the implementation of some measures to increase the 
effectiveness of geophysical search: 

3) Direct search for chrome ore bodies should be carried 
out simultaneously with the geophysical- structural 


mappings and petrophysical studies in order to know the 
factors controlling the mineralisation and geophysical 
anomalies. 

4) Surface and underground geophysical surveys 
(gravity, magnetic, geoelectrical ones) should be carried 
out in complexity. In the interpretation of the results 
should be considered all other existing geological 
information. This will make possible the determination 
of the nature of an anomaly, so that the ones caused by 
ore bodies can be selected. Better combination of surface 
with underground surveys leads to the increase of the 
search depth of the geophysical methods. 

5) Geophysical works can achieve better results when 
perspective zones are the exploration objects. The work 
should start from well-known ore bodies and not from 
small sectors. 

6) Geophysical studies should be carried out in the 
framework of complex geological research. Only in this 
way can better be studied the geology of the ultramaphic 
massifs, the premises for the search of ore deposits and 
ore bodies underneath the surface of the Earth. 

7) Since the number of shallow or near- surface ore 
deposits is decreasing, the implementation of geological 
methods, at present, is a necessity in order to increase the 
search depth for chrome deposits. 
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deposit (Bulqiza massif) (Frasheri A, 
2008, after Prenga LI. et al. 1983). 


1 - Ore body, 2 - Serpentinized dunite, 3 - Serpentinized 
hartzburgite, 4 - Smooth-rock border, 5 - Deluvion, 6 - 
Tectonic fault. 



Fig. 2. Geological-geophysical section III-III for 
projecting of the boreholes to check the residual gravity 
anomaly, Kam deposit. (Frasheri A, 2008, after Lubonja 
L. et al. 1973). 

1- Wzzz profile; 2- F(Ag) profile; 3- AZ profile; 4- 
Dunites; 5- Hartzburgites; 6- chromite ore body 
discovered by projected boreholes; 7- Disjunctive 
tectonics. 



Fig. 3. Magnetic and IP anomalies over the Vlahna 
deposit (Tropoja massif) (Lubonja L. et al. 1966). 

1- IP anomaly; 2- Apparent resistivity profile; 3- 
Magnetic anomaly (AZ); 4 - Masive chromite ore body; 
5- Disseminates chromite; 5 - Hartzburgites: 

6 - Dunites; 7 - Disjunctive tectonics. 
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Fig. 4. Geological-geophysical section with a positive 
magnetic anomaly over a chromite ore body, Leshnice 
area, Kukesi ultrabasic massif (Frasheri A. 2008. 

1- IP anomaly; 2 - Apparent resistivity profile; 

3 - Vertical component (DZ) of magnetic field profile; 

4 - Hartzburgites; 5 - Dunites; 6 - Ore body; 7 - Gradual 
geological boundary; 8 - Deluvion; 9 - Gallery. 



Fig. 4. Geological-geophysical line in Klos-Bulqize- 
Shpuze (Frasheri A. et al. 1990). 

1 - Hartzburgites, 2 - Serpentinites, 3 - Triassic 
limestone, 4 - Volcano- sedimentary series, 5 - Jurassic 
2 3 2 

limestones, 6 - Cr - Pg flysch, 7 - Pg limestone, 

8. Cover tectonics, 9 - Disjunctive tectonics. 
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Abstract 

In the speech are presented the development of the geophysical exploration in Albania, contribute of 
the geophysics and facing the challenges during the transition period toward free market economy. 

Albania is a rich country in mineral resources, chrome, copper, iron-nickel, coal, oil and gas etc. The 
exploration for these mineral deposits is carried out successfully by using a wide and complex range 
of geological, geophysical and geochemical methods. There are tens of oil and gas reservoirs, tens of 
copper, chromite, etc. deposits that have been discovered through geophysics contribution. Gravity, 
magnetic, geothermal and seismic zoning maps of different scales up to 1 :200.000 and 1 :500.000 are 
important part of regional studies on the recognition of geological setting of Albanides. Geophysical 
studies and research are conducted in Albania for more than 70 years. The first geophysical 
researches have been performed during thirty years, with gravity, and magnetic survey, vertical 
electrical soundings, by Italian companies in the years 30-40. Geophysical research in large polygons 
for oil and gas reservoirs, and copper, chromite deposits explorations began systematically to 50 
years period. Gradually, step by step, we have applied different geophysical methods. The successful 
Albanian geophysics in search for metallic deposits and oil and gas reservoirs have been published in 
many papers in national and international scientific press, and presented in the national and 
international meetings. 

On shore and of shore oil and gas exploration have been performed using seismic reflection surveys, 
gravity mapping, and small volume of the vertical electrical soundings. Mining geophysics for copper, 
chromite, bauxites deposits exploration is developed through application of the gravity and magnetic 
mapping of different scales, induced polarization profiling and real-section surveys, electromagnetic 
profiling, resistivity profiling and vertical electrical soundings, self potential mapping. Radiometric and 
nuclear geophysics have been used for phosphorite research. Oil and gas, copper, chromite, 
phosphorite, coal wells have been studies using complex of the electrical, sonic, radioactive and 
nuclear well logging, 

Important direction of Geophysics presents seismological studies in Albania. These studies have been 
developed to three areas: seismotectonics, seismology and seismologic engineering. 

Last two decades represent the period of extension of the field of application of shallow engineering 
and environmental geophysical methods to solve the geotechnical tasks, hydrogeological research, 


1 


653 


the micro-zoning of main Albanian cities, the study and evaluation of geothermal energy, and 
environmental studies for impact evaluation and water pollution, etc. 

Geophysical Branch in the Faculty of Geology and Mining, Polytechnic University of Tirana, during a 
half of century period from 1961 up to present have graduated 304 geophysicist engineers, and 48 
doctors of sciences. 

Albanian Geophysicists have established since 1989 Geophysical Society of Albania (GSA), which is 
part of the Albanian Association of Geoscientists and Engineers (AAGE). GSA is a member of the 
European Association of Geoscientists and Engineers (EAGE) and the Balkan Geophysical Society 
(BGS). 

Key words: Albanian Geophysics, Mining Geophysics, Oil and Gas Geophysics, 
Engineer and Environmental Geophysics. 

Introduction 

Albania is rich with natural resources: oil, gas and solid minerals (Fig. 1). 
Integrated geological-geophysical-geochemical prospecting have discovered and 
developed tens of solid mineral deposits, and oil and gas reservoirs in Albania. 

In order to demonstrate the economic capacity of the Albanian Mining and 
Petroleum Industries, it is sufficient to indicate that only during 1984 there were 
extracted 1,007,000 tons of copper minerals and processed 12,600 tons of blister 
copper, as well as 960,000 tons chromites. The average income from the copper and 
chromium extracting industries was 120 million USD. About 20 million tons of 
copper minerals and 21 million tons of chromites have been extracted by the 
Albanian Mining Industry. Oil production reached a peak of 2.250.000 tons in 
1973. Up until 1990s, there were extracted 49, 5 million tons of oil, about 12 
million cubic meters of natural, and 47 million tons of coils. Unfortunately, during 
the transition period among 1990 to 2010, the volume of extraction by the mining 
and oil industry has steadily decreased. According to the official statistics, INSTAT, 
the mining production has decreased as following: 88.6 in 1994, 86.5 in 1995, 75.8 in 
1996, 47.1 in 1997, 74.5 in 1998, 35.5 in 1999, 31.0 in 2000, and 27.0 in 2001. 

Geological prospecting have evaluated the mineral resources, capable of extraction 
as 31 million tons of oil, 53 million tons of cooper minerals, 40 million tons of 
chromites, 220 million tons of Ferro nickel, 100 million tons of nickel, 700 million 
tons of coil. More than twice of the extracted copper and chromites ores are 
estimated by geological exploration and developing statement of the resources for 
the future. 

The Bitumen from the Selenica mines in southern Albania has been extracted since 
the ancient times. Illyrian tribe of pirusts was well known for copper processing. An 
activist of the Albanian Renaissance, the philosopher Sami Frasheri, in his book 
"Albania, What It Was, What It Is, and What Will It Be (1899), wrote "...it is 
necessary to explore all metals all over Albania ... In the capital of Albania, in 

addition to secondary schools must be a university, and an academy to develop 

in Albania the literature, history,.... and geology, etc.”. Nearly half a century later, a 
politician Mehdi Frasheri in his book "The Albanian Problem" (1944) wrote: "... At 
near future, Albanian oil in Kugovo as well as in Patos will form a source of national 
wealth and a key target for state revenues " and "... in Albania there have been 
explored some ores, which can also reasonably be used for developing the economy 
and industry of the country....”. 

In the 1920s and 1930s, oil was discovered in Kugova, and it was processed, also 
copper was extracted in Rubik, and a little later started the extraction of chromium. 
The programs elaborated by our philosophers and statesmen were fully 
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implemented after the World War II. The new state took particular attention to 
further developing the exploration, extraction and processing of the natural 
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Fig. 1. Important oil and gas reservoirs and solid minerals deposits in Albania. 
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resources, and it put those industries at the cornerstone of the socio-economic 
development of Albania. The development of those industries went hand in hand 
with the formation of a new cadre of young specialists, who were able and willing to 
explore and to extract the mineral wealth of the homeland, and to selflessly 
contribute to the development of the state and economy. 

Geophysical studies and research are conducted in Albania for more than 70 years. 
First gravimetric and magnetic surveys and electrical soundings have been 
performed during thirty years by Italian company. Geophysical research in large 
polygons has started systematically from 1950 year for oil and gas, gradually to 
apply different methods: Gravity survey, Vertical Electrical Soundings, and Well 
logging (1950), Seismic surveys (1952). From 1953 has started application of the 
Geoelectrical surveys for cooper exploration, magnetic surveys (1957) and gravity 
surveys (1958) for chromite exploration. Radiometric surveys (1959), and 
geothermal studies (1989). Offshore seismic and geoelectrical surveys in Albanian 
Adriatic Sea Shelf for oil and gas exploration have started from 1982. Geophysical 
research in fifty’s years was performed by Soviet and German geophysicists. From 
1952 he returned from overseas studies two first Albanian engineers. At that time 
was formed also the first geophysicist’s technicians. After 1961, all geophysical 
surveys have been performed by Albanian geophysicists. For two years in the 
seventy’s years, the Albanian geophysicists have worked together with the Chinese 
geophysicists. Today, after 60 years, there are 304 geophysicists, as well as dozens 
of physicists, electrical engineers, etc. that have working on geophysical surveys. 
Among them are 48 doctors of sciences, 7 professors, and 22 leading researchers 
and masters. 

Albanian Geophysicists have established since 1989 Geophysical Society of Albania 
(GSA), which is part of the Albanian Association of Geoscientists and Engineers 
(AAGE). GSA is a member of the European Association of Geoscientists and 
Engineers (EAGE) and the Balkan Geophysical Society (BGS). 

Geophysical studies in Albania, year by year have been developed as complex 
methods, such as technological level of the surveys and interpretation, and are 
raised up coordination with other geological and geochemical methods. The 
realization of the development of Geophysics at the beginning of the period 1972- 
1986 is sensitive behavior of equipment and modern technologies for seismic, 
gravity, geoelectric, magnetic surveys, radiometric studies and well logging. 

Geophysical Exploration and studies have been performed in the framework of the 
three Geophysical Enterprises [Bigoku T., 2004, Frasheri A. et al. 2010]. 

1. Oil and Gas Seismic and Gravity Enterprise in Fieri City: 70 geophysicists 
enginees, four seismic teams, gravimetric one, a geoelectrical team, as well as 
marine expedition with seismic, geological and geoelectrical teams. Enterprise has 
realized about 2500 km/year of seismic profiling by multiple coverage. 

2. Oil and Gas Well Logging Enterprise in Patosi City: 30 geophysicist’s engineers, 
the electric, radioactive, sonic groups, gas logging, and perforator’s groups, 
laboratory of physical properties of the rocks and interpretation group. Well logging 
groups carry integrated geophysical study of exploration deep wells for oil and gas 
with an annual volume of 80,000 linear meters of wells with a depth up to 6700 m, 
and tens of thousands linear meters of production wells. 

3. Geophysical Enterprise of Tirana for mining geophysics: 106 geophysicist’s 
engineers. Geoelectrical Teams have realized about 35-40 km 2 /year mapping at the 
scale of 1:10 000, 1:5.000 and 1:2.000. Averagely the same area has covered also 
by the gravity and magnetic survey. In 2008, the restructuring of the Albanian 
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Geological Service, the company was reformed: several specialists went to the 
Institute of Earth Sciences was established, some remained in the unit geophysical 
Albanian Geological Service. 


Application fields and geophysical methods applied in Albania 


Tab. 1 


GEOPHYSICS 

Methods 

Application fields 

Oil & gas 

Mining 

Engineering 

& 

Environment 

al 

Regional 

Applied 

Seismic reflection 

++ 


++ 

+ 

Electrical 

+ 

+ + 

++ 

+ 

Gravity 

+ 

+ 

+ 

++ 

Magnetic 


+ 

+ 

++ 

Well logging 

++ 

+ 

+ 

+ 

Radiometric 


+ 

+ 

+ 

Seismology 

Earthquakes 

1 . Seismological Surveys Network 

2. Seismological zoning of Albania 

Engineering 

1 . Seismic Micro zoning and seismic risk 
evaluation 

2. Seismic monitoring of the hydropower plant 
dams 



Geothermic 

1 . Geothermal studies 

2. Geothermal energy platform and use scenarios. 


++ Principal method 


In Geological & Geodesic Enterprise of the Ministry of Construction and in the 
Hidrogeological Enterprise of Tirana have two specialized geophysical expeditions 
for engineering geophysics (1983) and water research (1980). 

Important direction of Geophysics in Albania presents the seismological studies, 
which have been conducted by the Institute of Seismology, Academy of Sciences. 
These studies pertain to three areas: seismotectonic, seismology and earthquake 
engineering. The first seismic station was established in 1968, at the Chair of 
Geophysics, Faculty of Geology and Mining. Seismological Institute was established 
in 1973 at the Academy of Sciences. Has been set-up the seismological network 
with 13 stations in Albania. In 2008 the institute, was involved in the Institute of 
Earth Sciences in the Polytechnic University of Tirana 

Teaching of Applied Geophysics case began in the Geological of Department of the 
Polytechnic Institute of Tirana (1955). The formation of geophysical engineers and 
their post graduate training since 1961 have been performed in the Geophysical 
Branch, Chair of Geophysics Faculty of Geology and Mining, Polytechnic University 
of Tirana. The period of study was five years for engineers [Frasheri A. et al, 2008]. 

Geophysicists of all generations have given outstanding contribution to the 
discovery of ten oil and gas reservoirs, eleven copper deposits, and many other solid 
minerals. They have performed geophysical regional studies of the Albanides. There 
are 637of papers published in national scientific journals, 33 of papers published in 
international scientific journals, and hundred papers that have been presented to 
major success in international scientific meetings [Bigoku T. 2004, Frasheri A. et al. 
2010, Papa A. 2001, Rama M. 1995]. 
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Unfortunately, during a very difficult post communist transition among 1990 to 
2010, geological research and other scientific activities, including the geophysics 
went downhill. Geophysical companies were reformed and closed, the volume of 
work has fallen to the minimum possible, leading to zero discovery of oil and gas, as 
well as solid useful minerals. The geophysics branch in the Polytechnic University 
of Tirana was recently closed. There is only option for t Scientific Master Diploma 
on geophysics. Many of the best geophysicists have migrated and actually work in 
their specialty in France, U.S.A., and Canada etc. 

Despite all these processes for geophysics and geological researches, the Albanian 
geophysicists currently in Albania are trying to save the geophysics in the 
conditions of the Albanian market economy. We have started to widen the field of 
the application of geophysics in other areas. We are convinced that the geophysical 
surveys, with modern equipment and software, are as important to geological 
exploration and studies as the X-ray equipment and echo-sounds are to the 
doctors. Therefore, geology without geophysics risks a return to the nineteenth- 
century level. 

Last two decades represent the period of extension of application fields of 
geophysical methods for solving geotechnical tasks, hydrogeological research , 
micro zoning of the main cities of Albania, geothermal studies and evaluation of 
geothermal energy, geoenvironment studies and its impacts assessments, 
archaeological geophysics, etc. An important contribution has been given by joint 
projects with other institutions and academics as well as professionals from leading 
countries in the field. Unfortunately, Geotechnical and Environmental Geophysics 
surveys, there are not to the extent appropriate of modern techniques and 
technologies, particularly for the evaluation of natural geologic hazards. 

However, in order to assess the new scientific research, inter alia, it is necessary to 
ask and analyze what was done, how it was done, and to determine future goals 
and objectives. In order to present a modest contribution in this direction, we have 
made a review of the Albanian Geophysics in the years 1950 to 2010. 

1 The role of geophysical methods in the framework of integrated 

oil & gas exploration 

Integrated geophysical exploration for oil and gas had the reflection seismic survey 
as the main method. Besides its, prospective regions for oil and gas have mapped 
by gravity surveys. Have been used also some vertical electric soundings. 
Successful experiments, but in small volume, were also made for direct search of oil 
and gas reservoirs by complex of methods: natural electric field, radiometric and 
magnetic surveys. All deep oil and gas wells have studies by integrated well logging 
methods. 

History of the development of seismic work can share in the four main stages: 

1. 1952-1970: Oscilographic recording, and manual processing and interpretation 
of the seismic data. The works were carried out in lowland terrains. 

2. 1970 to 1978: Analog magnetic recording, multiple coverage profiling, and 
surveys were extended also in rugged terrain, with complicated geology. 

3. 1980 to 1990: Digital recording and processing of the seismic data, the widely 
used multiple coverage, and improvement data processing. 

4. After 1990 there were gradually declining to zero geophysical exploration works 
for oil and gas by Albanian geophysicists. Actually, performing of the seismic 
exploration there is realized by foreign companies. 
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Gravity survey on the scale 1:100.000, and 1: 50,000 and 1:25.000 have 
covered the whole perspective territory for oil and gas bearing. 

In 1978 has restarted application of the vertical electric soundings with depth of 
investigation about 2.5 km. The object for the electric soundings have been 
identification of the limestone structure top, and evaluation of the sandstone 
content in the Neogene molasses in onshore, and in the Albanian Adriatic shelf, etc. 

In the years 1978-1982 was successfully experimented direct exploration of the oil 
and gas reservoirs by integrates methods: natural electric field, magnetic and 
radiometric surveys. 

Albanian Well Logging Service has celebrated 80th anniversary. The systematic 
geophysical study of all oil and gas deep wells was begun in 1950, with electric 
logging, well deflection and factice diameter measurements. The temperatures were 
recorded in well with electric thermometers. Were performed first experimentation 
of the gamma logging, and gas logging. 

The main feature of the later period, the launch of sixty years, was the step to the 
full quantitative and qualitative interpretation of logging data, performance of the 
logging in the well, and determination of the physical properties of the terigjene 
productive horizons. 

Currently, unfortunately even this direction of the Geophysics is abolished, because 
there are stopped the drilling of the exploration and development deep wells by 
Albanian Oil and Gas Industry. There remained only a small nucleus in the oil 
industry, to study any of Albpetrol well. 

2 The role of geophysical methods in the framework of integrated 
exploration of solid minerals 

Geophysical methods, used in the framework of integrated geological-geophysical- 
geochemical exploration, have an important role in search for solid minerals. The 
role of geophysical methods has depended on many factors such as the kind of 
mineral to be prospected, the stage of the search, and the kind of problems to be 
solved. 

Application of geophysical methods has been concentrated in two major directions: 

1. Direct search for many kinds of solid mineral deposits such as copper sulphide , 
polymetalic , and chrome ores. 

The methodology of the geophysical exploration for copper ores deposits (from the 
1930 ? s until today) and chrome resources (from 1958 until today) in Albania was 
developed in conformity with the geological tasks to be solved and the scientific- 
technical levels of the geophysical methods. 

Geophysical copper deposits search and development has high efficiency. The 
geophysical methods application has been depended by ore body depth of location, 
and kind of the mineralization type. Geoelectrical surveys have been main 
prospecting methods, through following evolution: 

- 1953-1960 discovery have been based on geophysical self-potential method and 
resistivity profiling for massive and shallow ore bodies, where redox phenomenon is 
developed. 

- 1973-1989- geophysical exploration was based on application of induced 
polarization, which was the main exploration method at the depth, and self- 
potential method and resistivity profiling for detalization and selection massive ore 
bodies from mineralization zones. 
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During the phase of detailed exploration have been applied: the induced 
polarization method, EM profiling, the radio wave floodlighting method, mise a la 
mase method, the borehole vectorial magnetic surveys, the electrical and gamma- 
gamma logging. In 1978, usefully was started developing of the IP/ Resistivity “Real 
Section”. 

In Albania was gained a good experience for the integrated geological-geophysical- 
geochemical exploration of chrome deposits and were set up integrated methods 
to be used in ground and underground surveys. The geophysical methods have an 
important contribution for discovery in series of chromite deposits. Only during 
1989 year, in the ultrabasic massif of Bulqiza were projected 356 boreholes to verify 
geophysical anomalies in 35 objects. From them, 145 boreholes have discovered 
mineralized horizons. 

The geophysical complex for direct chromite deposit search includes surface 
mapping by gravity, magnetic and IP methods. Underground geophysical surveys 
were carried out for the search surrounding space of the mine works and boreholes. 
In order to get the geophysical documentation of the boreholes, have been 
performed electrical and radiation (density/selective gamma-gamma and neutron 
activation) logging. 

For the search of chrome deposits, a further and continuous improvement is 
required to improve the coordination of the direct search for ore bodies with the 
geophysical methods used for geophysical-structural mapping and under-ground 
surveys. This is connected with the fact that petrophysical properties of the ore and 
those of surrounding rocks vary in a wide range, sometimes overlapping each other. 
All this factors have their influence on the effectiveness of the geophysical search 
for chrome ore bodies, which is lower than for copper ore bodies. 

Through the exploration activity we learned in practice that the ores and 
surrounding rocks are characterized by unique value of the physical properties. The 
inverse is not true, i.e. the same magnitude of a physical property or feature may be 
the same for several minerals and rocks. For example, good electrical conductors 
are not only massive sulphides but kaolin and clays as well. Therefore, a single 
geophysical method and one physical feature of the medium are not sufficient to 
solve the problem. To find the solution is necessary to know the complex of different 
physical properties. Consequently, exploration has been integrated, with complex of 
the geophysical methods. 

Perturbations caused by the topographic effect, variation of thickness and 
composition of the overburden beds, should be considered carefully to avoid false 
signals and spurious anomalies. To solve this problem, started from 1973 the 
application of mathematical methods and computer's data processing and 
interpretation. 

Heights year’s period was characterized by exploration of copper sulphide massive 
and disseminated ore deposits, which are located at the depth up to 700-800 m. 
The main exploration method has been induced polarization method, and 
underground surveys. The increase of the depth of investigation has been 
supported by mathematical modeling. 

These achievements were based on further methodological and organizational 
improvements organization of the geological-geophysical surveying in Albania. 
Complex geological-geophysical-geochemical teams for the search of copper deposits 
were created to carry out mappings at scale 1:5000 and detailed studies of 
anomalies at scale 1:2000. This was the key of success. The implementation of 
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geophysical methods in search for mineral resources, in general, and for mineral 
ore bodies, in particular, has been based also on methodological criteria: moving 
from known areas toward unknown, which made possible to discover the biggest 
copper fields in Albania, which consisted of 1 1 copper deposits, located at different 
topographic levels from surface down to depth of several hundred meters. 

In the mid eighty’s year’s period there have been solved also two other problems: 

• The discrimination of massive ore bodies in great depth, between mineralized 
zones. 

• The discrimination of anomalies composed by the superimposed of the effect 
from the sulphide ore bodies and from the nearby serpentines 
individualization . 

These complicated problems stand in front of search for all geophysicists of these 
days. To solve them we needed another improvement of the methodology of 
geophysical search, which started at the second half of the years eighty up to date. 

After 1990 year up to present, geophysical exploration of the copper and chrome 
deposits with the minimal field volumes there are realized by foreign companies, 
which actually are worked in Albania. 

2. Geophysical structural mapping in the complex with geological mapping in 
order to recognize the geological settings of perspective zones and ore control 
factors. The contribution of geophysical studies in the recognition of tectonic the 
zones and their relationship, is well known in Albania. 

The gravity and magnetic mapping at scales between 1:25.000-1:200.000. A 
particular attention has been paid to petrophysical studies as well. 

3. Development of the gravity and magnetic surveys 

The development of magnetic and gravity surveys were performed in several 
directions: 

- Expanding the field of use of gravity and magnetic methods for solid ores deposits 
exploration, including copper, chromium, and iron - nickel, bauxites, asbestos, 
heavy mineral placers. 

- Study of magnetic properties and density of minerals and rocks. 

- Building of the magnetic and gravitational country networks of Albania and their 
connection to international ones. 

- The compilation of algorithms and standard software for processing and 
interpretation of magnetic and gravity data. 

- The major results present the Bouguer Anomalies of the Gravity Field and 
Magnetic Field of Albania Maps, at the scale 1:200.000. 

- Performing of the paleomagnetic studies in all Albanian territory, according to the 
bilateral projects Albania Austria, France, and Greece. 

4. Radiometric studies and explorations 

The first measurements of natural radioactivity in Albania, carried out in 1958- 
1959. Until 1990, radiometric studies and research have been secret. 

Ninety years brought opening of radiometric research. Radiometric researches have 
applied to solve many important problems, which have not the relations with the 
Uranium explorations: 

- Implementing radiometric gamma spectrometric determinations by radioactive 
elements U, Th, K, in the framework of an international project, and regional survey 
for Geochemical Atlas of Albania. 
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- Regional radiometric studies according to the total gamma radiation parameter. 
Has been realized the study "Natural Radioactivity of Albania." 

Currently, radiometric studies are oriented to solving environmental problems. 

5. Geothermal studies 

Results of the geothermal studies and researches have been presented in the 
monographs: “Geothermy of Albanides” (1990), “ Geothermal Atlas of Albania” 
(1995), “Atlas of Geothermal Resources in Albania” (, 1996, published 2004), 
“Geothermal Atlas of Europe” (1992) published by Geographisch-Kartographische 
Anstalt Gotha, Germany, and “Atlas of Geothermal Resources in Europe”, European 
Commission (2002). Monograph “Geothermal energy resources in Albania and 
platform for their use”, published by Faculty of Geology and Mining, Polytechnic 
University of Tirana, (2010). 

6. Seismological studies 

Albania's seismological network was established in the period up to 1979, with 
fourteen stations in major cities of the country. During this period have been 
making Albanian seismological network part of the European and global network 
through the International Central Bureau of Seismology in Strasbourg, France. 

Among major seismological study was conducted “Seismic Zoning Map of Albania” 
(1972), “Catalog of Earthquakes in Albania” (1975), and “Seismological Zoning of 
Albania” (1979), published by Academy of Sciences of Albania. Eighties years were 
period when spread massively seismological studies for solving engineering 
problems, realizing complex seismological- engineering and geotechnical 
engineering micro zoning of leading cities of the country. 

Continued high levels of international cooperation on the problem of seismic risk 
the corner of the Balkans, in the event of the Assembly of European Council of 
Seismology, as well as in projects of UNESCO. Are conducted seven joint 
international projects and has collaborated on eight projects under the National 
Program for Research and Development for the publication of seismological, 
seismological-engineering, neotectonic and of the geological risks maps. 

7. Forming of the geophysicist engineers and their post graduate 
qualification 

Has given great contribution in development of the geophysics in Albanian by 
Section of Geophysics in the Faculty of Geology and Mining, Polytechnic University 
of Tirana in both directions: engineers forming, their postgraduate qualification, 
and scientific research. 

Forming of geophysical engineers since 1961 and their postgraduate training was 
realized in the Branch of Geophysics, Section of Geophysics in Department of Earth 
Sciences, Faculty of Geology and Mining, Polytechnic University of Tirana. The 
period of study has been five years for engineers, taken 1-2 years (postgraduate 
school) and three years for doctoral studies. Current main course of applied 
geophysicist engineers have been exploration of the oil and gas reservoirs, other 
solid minerals deposits, hydrogeological research, engineering and environmental 
studies. During the period 1961-2008 are compiled and continuously improve the 
curriculum, they respond better to the requirements of time and level of scientific 
and technological research and geophysical studies and exploration. 

In the Framework of implementing the Bologna Protocol, is closed Branch of 
Geophysics. Under the new curricula, after the first three years of common cycle 
(Diploma Bachelor for Georesources and Geoinformatics), a geophysical option is in 
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the second year of the Scientific Master degree. With this curricula, , as have been 
prepared in implementation of Bologna Protocol, results level landing of the 
scientific and professional formation of geophysical engineer. 

In the Geophysical Branch have been formed 303 of engineering geophysics, and 
are specialized in geophysics and were re-qualified as geophysicists many physicist. 
Since 1962, Geophysical Brach was also conducted postgraduate qualification of 48 
doctors of sciences. 

1. Mining geophysics: Application of the new methods and technologies in Albania: 

• Induced polarization method (1962 up to present) 

•Micromagnetit surveys (1967) 

• IP & RD Real section (1978 up to present) 

• Increasing of depth of geophysical investigation (1984 up to present) 

2. Mathematical and physical modeling for geoeelectric, gravity and magnetic 
methods, and inversion in geophysics. Compilation of the algorithms and software’s 
for data processing and interpretation. 

3. Extension of the application fields of geophysical methods for exploration of: 
chromite, asbestos, bauxites, heavy, rare and precious mineral placers, 
geotechnical and environment investigations, hydrogeological research, application 
of the natural electrical field for direct search of oil reservoirs. 5. Marine geophysics 
(1974-1990): Design and construction of the marine geoelectrical station, marine 
vertical electrical sounding and profiling, and participation in performing of the 
marine integrated geological-geophysical studies of the Albanian Adriatic Shelf and 
design of deep wells for gas exploration in Durres Bay. 

6. Regional geophysical studies : Geothermal (1989 up to present), Palomagnetic 
(1989-1997). 

8. Engineering and environmental geophysics (1982 up to present), Publication of 
the books: The Section of Geophysics has completed all courses with textbooks, 
published in the period 1963-upo to present: 19 books for Branch of Geophysics, 4 
books for Geological Branch and 5 monographs. 

8. What shall we do further - as conclusions 

Twenty last year’s represent the period of expansion in the field of application of 
geophysical methods to solve the geotechnical tasks: soil and bedrocks study in the 
construction areas, control of the dams and landslides, hydrogeological 
explorations, micro zoning of the main cities in Albania, the study and evaluation of 
geothermal energy, etc. in Albania. Actually are taken the first positive results, first 
experience, as well as problems of the beginning. 

Currently, the geophysical prospecting of oil and gas reservoirs, copper and 
chromium and other solid minerals deposits are suspended entirely by Albanian 
geophysical teams. Cessation of work and geophysical studies extremely serious 
consequences for future geological researches: The geological explorations remain 
free modern research methods, and turn to the thirty years of the last century level. 
With the termination of geophysical explorations, the teams were destroyed and lost 
a half century of their experience, well known also from prestigious institutions of 
advanced countries. 

Today, for Albanian petrol and mining industries are important to take the proper 
development and implementation of Applied Geophysics directions in accordance 
with the requirements of market economy, for oil & gas and solid minerals 
explorations, using modern methods and surveys technology. At the same time, it is 
necessary to begin implementation of new technologies for geophysical surveys of 
shallow depths for solving of the geotechnical tasks, environmental control, 
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environmental impacts assessment, urban planning, water exploration, medical 
geophysics, archaeological sites searches, etc. 

In response to the demands of time and development directions of the geophysics in 
the last two decades, there were worked successfully for the creation of Engineering 
and Environmental Geophysics in Albania. Geophysical methods have been applied 
in many fields: In-situ seismic and geoelectric topographies’ for dams investigation, 
the slope stability evaluation and landslides study, soil and bedrocks study in 
construction and dam areas, of highways, tunnels, etc., for karst areas exploration, 
quality assessment of the concrete during construction works, and in the airport 
runway, water exploration, for study of the urban and industrial landfills, also for 
the assessment of the environmental impacts. Engineering and environmental 
studies are performed by the same methods, technologies, and equipments that are 
used for search of minerals. So, at the present, the geophysical and environmental 
engineering investigations are used the technology and equipment eighties years 
period, with exceptions when were working in the framework of European project. 
Albanian geophysical teams are necessary to obtain modern equipment to solve 
these new geological tasks, presented by today the market economy in Albania. In 
particular, this situation is very serious for the study of construction areas, of 
roads, the investigation of the hydrotechnic constructions like dams, the evaluation 
of the slope stability and landslides, the assessment of geological hazards, water 
exploration, etc. 

For the forming of the yang geophysical engineers, currently the problem is the 
preparation and implementation of curricula and programs in accordance with the 
requirements of the Bologna Protocol, and actual scientific and technologic level of 
the geophysical methods. Future geophysicists should be able to realize the oil & 
gas, and solid minerals exploration because Albania is riche country with natural 
resources, in parallel is necessary to be able to solve also the engineering and 
environmental problems, applied surveys with modern technology and digital 
processing of data. 
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Geological-geophysical profile Albanid-2: Falco Adriatic Sea- Durres- 
Tirana- Peshkopi (The gravity data for the Adriatic Sea after Richetti, 1980)(Frasheri A. et al. 

2002 ). 

1. Pliocene Sustratum; 2- Substratum of Serravalian Molasses; 3- Paleogenic flysch (Pg 3 ) 
and molasses over the limestone; 4- Flysch of the Mastrichtian ( Cr ,m 1 ), Lower and Middle 
Paleogene (Pgi- 2 ); Old flysch of Jurassic (J) and middle Cretaceous (Cr 2 ); 6- Carbonade 
facies divided by the tectonic zones; 7- Ultrabasic rocks; 8- Disjunctive tectonic; 9- Depth 
up-rupt; 10- Top of chrystal basement; 11- The basal of the Earth Crust; 12- Moho 
Discontinuity’ 13- Focus nodal plan of the earthquakes in the Kavaja region, western 
Albania; 14- Seismic reflection; 15- Deep well. 

G B , t - Trend of 2 nd degree ofBouguer anomaly; G B ,r Residual Bouguer anomaly; 

T t - Trend of the 2 nd degree of total magnetic anomaly; T, - Residual of the 2 nd 
degree of total magnetic anomaly; T 0 - Observed magentic anomaly; 
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MINING GEOPHYSICS 
Copper deposits exploration 





Gjegjani deposit 
(Pogrebinsky S.A., 1961) 
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Chromite deposits exploration 
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OIL AND GAS GEOPHYSICS 




Seismic lines, Periadriatic Depression (Bare V. 2002) 
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ENGINEERING GEOPHYSICS 


Dam invetigation 
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Lanslide investigation 

Porava landlide, Fierza lakeshore 
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Section of Geophysics has given great contribution in development of the 
geophysics in Albania in two directions: 

- Engineers forming, their postgraduate qualification, and 

- Scientific research. 

Forming of geophysical engineers since 1961 and their postgraduate training was 
realized in the Branch of Geophysics, Section of Geophysics in Department of Earth 
Sciences, Faculty of Geology and Mining, Polytechnic University of Tirana. 

The period of study has been 5 y. for Engineers, 1-2 y, Master, and 3 years PhD. for: 

- exploration of the oil and gas reservoirs, 

- exploration solid minerals deposits, 

- hydrogeological research, 

- engineering and environmental studies. 

In the Framework of implementing the Bologna Protocol, is closed Branch of Geophysics. 

Under the new curricula after Bachelor Diploma for Georesources and 
Geoinformatics - (3 years), Scientific Master degree in Geophysics, through option in 
the second year of the second cycle. 

With this curricula, as have been prepared in implementation of Bologna Protocol, 
results level landing of the scientific and professional formation of geophysical engineer. 
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CONTRIBUTE OF THE FACULTY OF MINING FOR 
DEVELOPMENT OF THE GEOPHYSICS IN ALBANIA 


Graduated Geophysical Engineers 



GRADUATED PERSONS 
Engineer Geophysicists 304 


Dr. Sc. 45 
Professors 7 


Prof. Ass. 1 


Research Leaders 9 
Research Masters 1 2 
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Improvement of the geophysical knowledge over the years 

1961-1964 1973-1978 2002-2005 


Magnetic surveys 

+ 

+ 

+ 

Gravity surveys 

+ 

+ 


Geoelectrical Exploration 

+ 

+ 

+ 

Waves theory-seismics 

+ 

+ 

+ 

Wave theory- seismics-seismology 



+ 

Stratigraphic seismics 



+ 

Engineering seismic s 



+ 

Well logging 

+ 

+ 

+ 

Radiometry 

+ 

+ 

+ 

Signal processing 



+ 

Physics of the Earth 


+ 

+ 

Data processing and interpretation 


+ 

+ 

Engineering geophysics 



+ 

Environmental geophysics 



+ 

Mining Geophysics 



+ 

Geothermics 



+ 
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Improvement of the mathematical knowledge over the years 

1961-1964 1973-1978 2002-2005 


Mathematic Analyzes 

+ 

+ 

+ 

Analytic Geometry 

+ 

+ 

+ 

Special Fis. Math. Equations 

+ 

+ 

+ 

and special functions 




Linear Algebra 


+ 

+ 

Statistics and Probability 


+ 

+ 

Geostatistics 



+ 

Informatics Programing 


+ 

+ 

Numerical Analyzes 


+ 

+ 


5 YEARS SYSTEM EGINNERING: GEOPHYSICAL ENGINEER, 2000-2004 



DISCIPLINES: 1. Theoretical; 2. Engineering; 3. Geological; 4. Geophysical; 5. Social 
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Teaching Curricula- Geophysical Branch (2000-2004) 


Nr 

Discipline 

Hours 

Nr 

Discipline 

Hours 


Social disciplines 



Geological disciplines 


1 

Sociology 

45 

25 

General geology 

75 

2 

Physical educate 

120 

26 

Paleontology, stratigraphy, historical 
geology 

60 

3 

Foreign language 

240 

27 

Geomorphology and Quaternary Geology 

36 


Theoretical base disciplines 


28 

Mineralogy, petrography 

120 

4 

Albegra and analytic geometry 

120 

29 

Structural geology and geotectonic 

111 

5 

Mathematical and numerical analyziz 

330 

30 

Geology of solid deposits and their 
exploration 

120 

6 

Statistics and probability 

75 

31 

Petroleum geology and 

144 

7 

Special equations of the physical 
mathematics 

70 

32 

Hydrogeology and engineering geology 

60 

10 

Informatics 

120 


Geophysical disciplines 


11 

Geostatistics 

48 

33 

Gravity survey 

105 

12 

Physcs 

255 

34 

Magnetic survey 

91 

13 

General and physical chemistry 

120 

35 

Geoelectrical survey 

196 

14 

Signal Processing 

90 

36 

Waves theory, seismic and seismology 

274 


Engineering disciplines 


37 

Well logging 

194 

15 

Geodesy and markshaidery 

75 

18 

Nuclear geophysics and radiometric survey 

133 

16 

Descriptive geometry and technical design 


19 

Physic of the Earth 

60 

17 

CAD 

45 

20 

Market economy basis 

60 

18 

Engineering graphics 

135 

19 

Optional disciplines 

70 

19 

Theoretical and engineering mechanics 

120 

20 

Problems of the geophysical explorations 


21 

Electrotechnic and applied electronic 

90 

21 

Problems of the reservoir study 


22 

Geoinformative systems (GIS) 

60 

22 

Geoengineering geophysics 


23 

Mining and drilling technologies 


23 

Undeground geophysical survey 





24 

Environmental Geophysics 






Total 

4363 











Field practice 

9 weeks 
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EVOLUTION OF THE TEACHING CURRICULA OVER THE YEARS 


Teaching Curricula Teaching Curricula 
1961-1964 1967-1988 



Teaching Curricula Teaching Curricula 
1992-1996 2002-2005 
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GEOPHYSICS IN THE FACULTY OF GEOLOGY AND MINING IN 
FRAMEWORK OF THE BOLOGNA MODEL 


BACHELOR‘DlPLQMA‘ORGANIZATIOI\H| 



SCIENTIFICMASTERDIPLOMAORGANIZATION1 




























683 


EEL- 


BACHELOR -DIPLOMA! 
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BACHELOR GEOLOGICAL ENGINEERING DIPLOMA 



Matematike-Fizike; 2- Kimi; 3- Gjeologji; 4- Lende teknike specialiteti; 5- 
Lende te pergjitheshme teknike; 6- Informatike; 7- Gjuhe e huaj; 

1. 8-Gjeofizike 
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SCIENTIFIC- MASTER- DIPLOMA^ 

GEOL OGICAL -ENGINEERING^ 
Speciality: -GEOPHYSICAL-ENGINEERING^ 

, I _ 
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DISCIPLINE*3 
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COMPARISON OF THE TEACHING CURRICULA 
EARTH SCIENCES BACHELOR DIPLOMA 


FACULTY OF GEOLOGY AND MINING TRIESTE UNIVERSITY 


Fakulteti Gjeologjise dhe Minierave 



□ i 

□ 2 

□ 3 

□ 4 

■ 5 

□6 


Universiteti i Triestes 



DISCIPLINES: 1- Theoretical; 2- Engineering; 3- Nature; 4- Geological; 

5- Geophysical; 6- Social; 7- Indipentent work; 8-Stage; 9- Diploma 
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COMPARISON OF THE TEACHING CURRICULA 
5 YEAR SYSTEM BOLOGNA MODEL 


2000-2004 


2007-Now 



DISCIPLINES: 1. THEORETICAL; 2. ENGINEERING; 3. GEOLOGICAL 
4. GEOPHYSICAL; 5. SOCIAL 
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Result that in the Framework of implementing the Bologna Protocol: 

is closed Branch of Geophysics. 

Under the new curricula, after the first three years of common cycle: 

(Diploma Bachelor for Georesources and Geoinformatics), 

a geophysical option is in the second year of the Scientific Master degree. 


With this curricula , , as have been prepared during the implementation of 
Bologna Protocol, results level landing of the scientific and professional 
formation of geophysical engineer . 
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TEACHING STRUCTURE 

Learning process is developed by giving of the proper importance to all its 
elements: 

• 1. Lectures, 

• 2. Practical lessons: a) The laboratory, 

b) Seminars, 

c) Solutions of exercises and project courses, 

d) In the field, 

• 3) Project diploma courses. 
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UNIVERSITY TEXT BOOX 

19 books for Branch of Geophysics, 4 books for Geological Branch (in Albanian ) University Publishing 

House, Tirana. 

Geophysical Branch: 

• Gravity Surveys, Exercises 

• Magnetic Surveys, adoption 

• Electrical Exploration 

• Electrical Exploration, Exercises 

• Waves Theory 

• Seismic Exploration 

• Well logging 

• Radiometry 

• Geophysical method application for solving of the geological problems 

• Physical properties of the minerals and rocks 

• Geophysical Equipment 

• Some equipment for the direct current geoelectrical surveys 
Geological, oil and Gas Engineers, Minig Engineers 

• Applied Geophysics: v. 1. Gravity 

v. 2. Magnetics 

v. 3. Geoelectrical Methods 

v. 4. Seismics and Radiometry 

• Well logging 

• Geophysical Methods for solving of the Mining Problems 

(foot venof much pn (foot* otteutiouf 
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Section of Geophysics has given great contribution in development 
of the geophysical scientific research in Albania: 


Regional Geophysics (1967 until present) 

(L. Lubonja, A. Frasheri, S. Bushati, Nishani P., Silo V.) 
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Gravity (1998) and Magnetic (1997-) Maps of Albania, at scale 1 :200.000, 
Performed by Geophysical Center, Geological Survey of Albania. 
Scientific Leader: Academic, Professor, Dr. Salvatore Bushati. 
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Geothermal studies (Since 1989 until present) 

Joint project: - Faculty of Geology and Mining 

- Insitute of Geophysics, Academy of Sciences, Czech Republic, Prague. 
(Frasheri A., Cermac V., Lico R., Bushati S., et al.) 

- Temperature Map of Albania at 100; 500; 1000; 2000; 3000 m depth. 

- Geothermal Gradient Map of Albania. 

- Heat Flow Density Map of Albania. 

- Geothermal Resources Map of Albania. 
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Paleomagnetic Studies 

Joint Projects (1989-1997): 

- University of Leoben, Austria 
(Mauritch H.J.) 

- Laboratoir de Paleomagnetisme, Gif sur Yvette 
Paris, France 

(Kissel C., Lai C, Speranza F ) 

-University of Thesaloniki 
(Condopoulou D.) 

- Faculty of Geology & Mining, Tirana 
(Bushati S, Frasheri A. , Alikaj P.) 
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Mining Geophysics 

(Lubonja L., Frasheri A., Avxhiu R., Alikaj P., Bushati S.) 

1. Experimentation and application in Albania of new geophysical methods for 
the exploration of copper and chrome ores: 

• Induced Polarization (1 962-), 

• Magnetic micro-survey (1967-), 

• IP and RD Real Section (1978-), 

• Depth Investigation Increasing of Mining Geophysics (1984-). 

• Physical and Mathematical Modeling, inversion(1973-) 

2. Extension of the application field of the geophysical methods in the search for: 

- chrome, 

- copper, 

- asbestos, 

- bauxite, 

- placer of heavy, rare and precious minerals, 

- Geotechnical and environmental engineering investigation, 

- Hydrogeological exploration, 

- Application of Self-potential method for direct exploration of oil and gas reservoirs 
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IP Real Section: New survey and interpretation geoelectrical method (1978-) 

(Alikaj P.) 

Historic case: 

Saint Nicolas, Property, Polymetallic Deposit, Mexico 
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Oil and Gas Exploration 

Integrated geological-geophysical Oil and Gas Exploration and deep wells design 

(Nishani P., Lubonja L., Frasheri A.) (1964-), Silo V. (1973- ). 

Well logging studies, overpressures studies (R. Ligo) (1964 ) 


Ardenica-Kolonja 
Seismic Line 


(Nishani P., coauthor 
of the well design) 
(After ALBPETROL) 
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Marine Geoelectrical surveys in Albanian Adriatic Shelf 

(Frasheri A.) (1975-1991). 

Durresi-Palla Cape Adriatic Shelf area 



According !* EI«(riCil PrafiNftfl 
Dim di, K«pi Pdlca Lahore- -area 




■-■ W il l 

& +*K!rt(Jfli0^cu%g 

jppirww: rtbiir , r, [rial 
duiitprwy btpn^ baiiiiifir 




9 



700 



Direct Oil Exploration 

(Frasheri A., Ligo R.) (1975-1986). 

Self Potential Field Map Self Potential Profile 

Ballshi Oil and Gas Reservuar 
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Physical & Mathematical Modeling 

• Application of mathematical methods in data processing and interpretation of 
geophysical information (Gravity, Magnetic, Electric), with the aid of computers, 
compilation of algorithms and programs for these purpose. (Since 1972) 
(Lubonja L., Frasheri A., Bushati S., Alikaj P., Beqiraj G., Frasheri N.) 


Last studies: 

- Dipole - dipole and pole-dipole 

survey configurations in 
the framework of the theorem 
of reciprocity. 

- Some considerations on IP 

data inversion. 


3D IP MATHEMATICAL MODEL Dip8-A2 

IP PSEUDOSECTION WITH DIPOLE-DIPOLE ARRAY 
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Engineering and Environmental Geophysics 

(Since 1982),( Frasheri A., Nishani P., Alikaj P., Silo V.) 

- Seismic and geoelectric tomography for in-situ: 

- Dam’s investigation. 

- Slope stability and landslide investigation. 

- Environmental impact assessment. 

- Ground and rocks investigation in the dam area. 

- Karstic zones investigation. 

- Soil and rocks investigation in the construction area, highways, tunnels etc. 

- Evaluation of the quality of the concrete during the construction of the works, in the 
airports runways etc. 

- Landfill investigation 
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VAU DEJES HYDROPOWER DAM 
(Raw Material) 

GEOELECTRIC AND SEISMIC TOMOGRAPHY 

PRERJE REALE E REZISTENCES ELEKTRIKE SPECIFIKE TE DUKSHME 
DHE E SHPEJTESIVE Vp dhe Vs E VALEVE TE DIFRAGUARA 
HIDROCENTRALI I VAUT TE DEJES 
DIGA ME MATERIAL VENDI 

Tirane, 1998 



Fig. 12-a 
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Landslide Investigation 

RAGAMI LANDSLIDE: VAU DEJES LAKESHORE GEOPHYSICAL ENGINEERING PROFILE 



PORAVA LANDSLIDE: FIERZA LAKESHORE 
SEISMIC ENGINEERING PROFILE 
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Archaeological Geophysical Research 

(Frasheri A., Avxhiu R.) (1975-) 
MARGLLICI CASTEL, PATOS 
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Paleoclimate change (2002-until today) 

(Frasheri A.) 
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ABSTRACT 

Large numbers of geothermal energy of low 
enthalpy resources are located in different areas 
of Albania. Thermal waters are sulfate, sulfide, 
methane, and iodinate-bromide types. Thermal 
sources are located in three geothermal zones: 

Kruja geothermal zone represents a zone with 
bigness geothermal resources, in carbonate 
reservoirs. 

Ardenica geothermal zone is located in the 
coastal area of Albania, in sandstone reservoirs. 
Peshkopia gjeotermal zone at northeastern area 
of Albania. Several springs are located with 
disjunctive tectonics of the gypsum diapir. 

The geothermal situation in Albania offers three 
directions for the exploitation of geothermal 
energy: 

Firstly, the use of the ground heat flow for space 
heating and cooling, by borehole heat exchanger- 
heat pumps systems. 

Secondly, thermal sources of low enthalpy are 
natural sources or wells in a wide territory of 
Albania. They represent the basis for a 
successful use of modern technologies for a 
complex and cascade exploitation of this energy: 

1. SPA clinics for treatment of different 
diseases and hotels for eco-tourism. 

2. The hot water for heating and sanitary 
waters of the SPA and hotels, greenhouses and 
aquaculture installations. 


3. From thermal waters it is possible to 
extract chemical microelements. 

Thirdly, the use of deep abandoned oil and gas 
wells as “Vertical Earth Heat Probe”. 

Actually in Albania has been published “Atlas of 
Geothermal Resources in Albania (2004) 
(Frasheri A. et. Al. 2004). Geothermal team from 
Faculty of Geology and Mining and Department 
of Energy of Faculty of Mechanical Engineering, 
during 2008 has worked for the Project: 
“Platform for integrated and cascade use of 
geothermal energy of low enthalpy in the 
framework of energetic balance of Albania”, in 
the framework of the National Program for 
Research and Development, “Water and Energy” 
2007-2009 (Frasheri A. et. Al. 2008). Have been 
published a monograph: “Space 

Heating/Cooling Borehole- Vertical Heat 
Exchanger-Heat Pump System” (Frasheri A. 
et. Al. 2008). In same time, we have prepared 
first part of three project ideas: “Geothermal 
Center for integrated and cascade direct use of 
geothermal energy of Kozani-8 well, near 

Elbasani City” (spa-hotel with hot pools, 
greenhouse and aquacultyre instalations 

(spirulina and fisch) (Frasheri A. et. Al. 2008), 
Project idea for space heating of Kor£a 

University using borehole-vertical heat 

exchanger-heat pump system (Frasheri A. et. Al. 
2008), and project idea for set up of the “Geo- 
Energy Ressouces Laboratory” in the 
Department of Energy Reasources, Faculty of 
Geology and Mining. The Promemory “Earth 
Heat is an alternative, environ friendly 
renewable energy, which is necessary to use in 
Albania” has been addressed to the Albanian 
Government. 
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Periodically, results of the geothermal energy 
studies in Albania have been published and 
presented in International Symposiums, 
Conferences and Workshops. 

1. INTRODUCTION 

Paper represents a summary of the important 
results of the Monograph “Atlas of geothermal 
resources in Albania” 2004 The Monograph is 
prepared in the framework of the National 
Program for Research and Developing- Natural 
Resources, 2003-2005. This Atlas represents the 
publication of the results of studies which were 
performed in the framework of the Committee 
for Sciences and Technology of Albania Projects 
and agreement between the Faculty of Geology 
and Mining, and the Geophysical Institute, 
Czech Acad. Sci., Prague, European Commision- 
Intemational Heat Flow Commission and 
UNDP-GEF/SGP Tirana Office projects 
[Frasheri A. 1992, Frasheri A. et al. 1994, 1995, 
1996, 2001, 2003], 

In Albania there are many thermal water springs 
and wells of low enthalpy, with a temperature of 
up to 65.5°C, which indicates that there are 
possibilities for direct use of the geothermal 
energy. In Albania the new technologies of 
direct use of geothermal energy are either partly 
developed or remain still untouched. Integrated 
and cascade use of geothermal energy of low 
enthalpy will be represent an important direction 
for profitable investment. Exploitation of 
geothermal energy will have a direct impact in 
the development of the regions, by increasing 
their per capita income and at the same time 
ameliorating the standard of living of the people. 

2. GEOLOGY BEACKGROUND 

The Albanides represent the main geological 
structures that lie on the territory of Albania. 
They are located between the Dinarides in the 
north and the Helenides in the south, and 
together they form the Dinaric Branch of 
Mediterranean Alpine Belt. Albanides are 
divided in two big peleogeographical zones: the 
Inner Albanides and the External Albanides. 


Korabi, Mirdita (ophiolitic belt), presents the 
Inner Albanides and Gashi zones. The Alps, the 
Krasta-Cukali, the Kruja, the Ionian zone, the 
Sazani zone and the Pre-Adriatic Depression 
present the External Albanides. Depression as a 
part of Albanian Sedimentary Basin, continued 
towards the shelf of the Adriatic Sea. The 
geological cross-section of Albanian 
Sedimentary Basin is about 15 km thick and it 
continues also in the Adriatic Sea Shelf. 

Ionian zone is developed as a large pelagic 
trough in the Upper Triassic. There, the 
evaporites of the Permian-Triassic are 
overlapped by a thick carbonatic formation of 
the Upper Triassic-Eocene. The geological 
section on this carbonatic formation is covered 
by Oligocene flysch, a flyschoid formation of the 
Aquitanian and by schilieres of the Burdigalian, 
Helvetian and particularly of Serravalian- 
Tortonian molasse. Burdigalian deposits are 
overlapped transgressively with an angular 
unconformity, anticline belts. The Tortonian Age 
deposists have filled the synclinal belts of Ionic 
and Kruja tectonic zones. 

Miocene and Pliocene molasse of Peri-Adriatic 
Depression overlies the structures of northern 
part of the Ionian zone. The structure of 
Neogenic molasses represents the upper tectonic 
stage of the structure of the Peri-Adriatic 
Depression. 

In the over part of the section of Kruja zone, the 
carbonatic neritic rocks of the Cretaceous- 
Paleogene age are overlying the Oligocene 
flysch of a thickness of 5 km. 

The structures of the Albanides are typically 
Alpine ones. The SSE-NNW directions represent 
their general strike. The structures are 
asymmetrical and have a western vengeance. 
Recumbent, overthrusted and overtwisted 
structures are found, too. Generally, their 
western flanks are affected by disjunctive 
tectonic. 

3. METHODS AND STUDY AREA 
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Geothermal studies carried out in Albania are 
oriented toward the study of the distribution of 
the geothermal field and the natural thermal 
water springs and wells. Geothermal studies 
were extended all over the country territory. 

The temperatures have been measured and the 
geothermal gradient and the heat flow density at 
different depths have also been calculated 
(Frasheri et al. 1995). Temperature 
measurements were carried out both in 145 deep 
wells, in boreholes and in mines, at different 
hypsometric levels. The temperature in the wells 
was recorded at regular intervals. It was 
measured by means of resistance and thermistor 
thermometers. The average absolute 

measurement error was 0.3°C. The 
measurements were carried out in a steady-state 
regime of the wells filled with mud or water. The 
recorded data were processed using the trend 
analysis of first and second degrees. The 
chemical composition of the waters was found. 
The output of the springs and wells and their 
hydrogeology was evaluated. 

4. RESULTS 

4.1. Geothermal Regime 

The Geothermal Regime of the Albanides is 
conditioned by tectonics of the region, lithology 
of geological section, local thermal properties of 
the rocks and geological location (Frasheri A. 
1992, Frasheri et al. 1994, 1995, 2004). 

4.1.1. Temperature 

The geothermal field is characterized by 
a relatively low value of temperature. The 
temperature at 100 meters depth vary from less 
than 10 to almost 20°C, with lowest values in the 
mountain regions. The temperature is 105. 8°C at 
6000 meters depth, in the central part of the Peri- 
Adriatic Depression. The isotherm runs parallel 
the Albanides strike (Fig. 1). Going deeper and 
deeper the zones of highest temperature move 
from southeast to northwest, towards the center 
of the Peri-Adriatic Depression and even further 
towards the northwestern coast. The 


temperatures in ophiolitic belt are higher than in 
sedimentary basin, at the same depth. 

4.1.2. Geothermal Gradient 

In the External Albanides the geothermal 
gradient is relatively higher. The geothermal 
gradient displays the highest value of about 21.3 
mK.m' 1 in the Pliocene clay section in the centre 
of Peri-Adriatic Depression. The largest 
gradients are detected in the anticline molasses 
structures of the center of Pre-Adriatic 
Depression (Fig. 5). The gradient decreases 
about 10-29% where the core of anticlines in 
Ionic zone contains limestone. The lowest values 
of 7-11 mK.m' 1 of the gradient are observed in 
the deep synclinal belts of Ionic and Kruja 
tectonic zones (Fig.2). 

In the ophiolitic belt of the Mirdita tectonic zone, 
the geothermal gradient values increase up to 36 
mK.m' 1 at northeastern and southeastern part of 
the Albania. 

4.1.3. Heat Flow Density: 

Regional pattern of heat flow density in 
Albanian territory is presented in the Heat Flow 
Map. There are observed two particularities of 
the scattering of the thermal field in Albanides 
(Fig. 3): 

Firstly, maximal value of the heat flow is equal 

to 42 mW/m 2 in the center of Peri-Adriatic 

_2 

Depression of External Albanides. The 30 mW' 
value isotherm is open towards the Adriatic Sea 
Shelf. These phenomena have taken place owing 
to the great thickness of sedimentary crust, 
mainly carbonatic one in this zone. 

Secondly, in the ophiolitic belt at eastern part of 
Albania, the heat flow density values are up to 
60 mW/m 2 . The contours of Heat Flow Density 
give a clear configuration of ophiolitic belt. 
Radiogene heat generation of the ophiolites is 
very low. In these conditions, increasing of the 
heat flow in the ophiolitic belt, is linked with 
heat flow transmitting from the depth. The 
granites of the crystalline basement, with the 
radiogenic heat generation, represent the heat 
source. 
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4.2. Geothermal energy resources in Albania 

Large numbers of geothermal energy of low 
enthalpy resources are located in different areas 
of Albania. Thermal waters with a temperatures 
that reach values of up to 65.5°C are sulfate, 
sulfide, methane, and iodinate-bromide types 
(Frasheri A. et al. 1996, 2004) (Tab. 1, Fig.4). In 
many deep oil and gas wells there are thermal 
water fountain outputs with a temperature that 
varies from 32 to 65.5°C (table 2, Fig. 3) 

Albanian geothermal areas have different 
geologic and thermo-hydrogeological features. 
Thermal sources are located in three geothermal 
zones (fig. 4): 

Kruja geothermal zone represents a zone with 
bigness geothermal resources. Kruja zone has a 
length of 180 km. Kruja Geothermal Zone is 
extended from Adriatic Sea at North and 
continues in South-Easter area of Albania and in 
Konitza area in Greece. Photo 1 shows 
Langarica - Permet thermal springs at southern 
Albania. Identified resources in carbonate 
reservoirs in Albanian side are 5.9xl0 8 -5.1xl0 9 
GJ. The most important resources, explored until 
now, are located in the Northern half of Kruja 
Geothermal Area, from Llixha-Elbasan in the 
South to Ishmi, in the North of Tirana. The 
values of specific reserves vary between 38.5- 
39.63 GJ/m 2 . 

Kruja geothermal area represents an anticline 
structure chain with carbonatic core of 
Cretaceous-Eocene age. They are covered with 
Eocenic- Oligocenic flysch. Anticlinals are 
linear with as length of 20-30 km. They are 
assymmetric and their western flanks are 
separated from disjunctive tectonics. Geothermal 
aquifer is represented by a karstified neritic 
carbonatic formation with numerous fissures and 
microfissures. 

In the Ishmi area, Ishmi 1-b well has been drilled 
in 1994. It is situated in the top part of the 
limestone structure. It is located 20 km North- 
West of Tirana, in the plain area, near “Mother 


Theresa” Tirana airport. It meets limestone at 
1300m of depth and goes through a carbonatic 
coupe of 1016 m thickness. 

Kozani 8 well has been drilled in 1989 (Photo 2). 
It is situated 35 km South- East of Tirana and 8 
km North- West of Elbasani. It is situated on 
hills close to Tirana- Elbasani national road. It 
meets limestone at 1810m of depth and goes 
10m deep in them. 

Since the end of the drilling to this day hot water 
continues to fountain from Ishmi 1-b and Kozani 
8 wells. 


Elbasani Llixha watering place is about 12 km 
South of Elbasani. There are seven spring groups 
that extend like a belt with 320° azimuth. All of 
them are connected with a the main regional 
disjunctive tectonics of Kruja zone. Thermal 
waters flow out through the contact of 
conglomerate layer with calcolistolith. In this 
area too, the reservoir is represented by the 
Llixha limestone structure. These springs have 
been known before Second World War. 


Surface water temperatures in the Tirana- 
Elbasani zone vary from 60° to 65.5°. In the 
aquifer top in the well trunk of Kozani 8 
temperature is 80°C. Hot water is mineralized, 
with a general mineralization of 4.6-19.3 g/1. 
Elbasani Nosi Llixha water has the following 
formula: 


^ 2 ^ 0.403 


C/ 59 S0 38 

LV1 i.\ 


Na 46 Ca 35 


Peshkopia gjeotermal zone is situated in the 
Northeast of Albania. Two kilometers East of 
Peshkopia some thermal springs are situated 
very close to each other. These thermal springs 
flow out on Banja river slope. These springs are 
linked with the disjunctive tectonic seismic- 
active zone Ohrid Lake-Debar, at periphery of 
gypsum diapir of Triassic age, that has 
penetrated Eocenic flysch, which surround it like 
a ring. The occurrence of thermal waters is 
connected with the low circulation zone always 
under water pressure. They are of sulfate- 
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calcium type, with a mineralization of up to 4.4 
g/1, containing 50 mg/1 H 2 S. Their chemical 
formula is: 

SO 4 

tt c - M 

n 2 ° 0.0495 LV1 4.4 ^ 

Ca 65 

Yield of some of the springs goes up to 14 1/sec. 
Water temperature is 43.5 °C. 

Water temperature and big yield, stability, and 
also aquifer temperature of Peshkopia 
Geothermal Area similar are with those of Kruja 
Geothermal Area. For this reason geothermal 
resources of Peshkopia Area have been 
estimated to be similar to those of Tirana- 
Elbasani area. 

Ardenica geothermal zone is located in the 
coastal area of Albania, in sandstone reservoirs. 

5. DIRECTIONS FOR THE DIRECT USE 
OF GEOTHERMAL ENERGY OF LOW 
ENTHALPY IN ALBANIA 

The geothermal situation of low enthalpy in 
Albania offers three possibilities for the direct 
use of geothermal waters energy. Geothermal 
energy exploitation must be realized by 
integrated scheme of geothermal energy, heat 
pumps and solar energy, and cascade use of this 
energy (Frasheri A. 2001, Frasheri A. et al. 2003, 
2004). 

Firstly, the Ground Heat can be use for space 
heating and cooling by Borehole Heat 
Exchanger-Geothermal Heat Pumps modern 
systems. 

Secondly, thermal sources of low enthalpy and 
of maximal temperature up to 65.5°C. 

Thermal waters of springs and wells may be 
used in several ways: 

1. Modern SPA clinics for treatment of different 
diseases and hotels, with thermal pools, for 
development of eco-tourism. Such centers may 
attract a lot of clients not only from Albania, 
because the good curative properties of waters 


and springs are situated at nice places, near 
seaside, Gjinari mountain or Ohrid Lake pearl. 

The oldest and important is Elbasani Llixha SPA 
is located in Central Albania. By national road 
communication, Llixha area is connected with 
Elbasani. These thermal springs from about 2000 
years ago are known, near of the old road “Via 
Egnatia" that has passed from Durresi-Ohrid- to 
Constantinople. All seven groups of the springs 
in Llixha Elbasani and Kozani-8 well, near of 
Saint Vladimir Monastery at Elbasani, have the 
possibilities for modern complex exploitation. 
Ishmi 1/b geothermal well is located in beautiful 
Tirana field, near of Mother Theresa- Tirana 
Airport, near of the Adriatic coastline and Kruja 
- Skenderbeg Mountain. 

Peshkopia SPA was constructed by modern 
concepts as balneological geothermal center. 
There are thermal pools, for medical treatment 
and recreation. Construction of the Peshkopia 
SPA must be en good example for new SPA 
construction in Albania. 

2. The hot water can be used also for heating of 
hotels, SPA and tourist centers, as well as for the 
preparation of sanitary hot water used there. 
Near these medical and tourist centers it is 
possible to built the greenhouses for flowers and 
vegetables, and aquaculture installations. 

3. From thermal mineral waters it is possible to 
extract very useful chemical microelements as 
iodine, bromine, chlorine etc. and other natural 
salts, so necessary for preparation of pomades 
for the treatment of many skin diseases as well 
as for beauty treatments. From these waters it is 
possible to extract sulphidric and carbonic gas. 

Thirdly, the use of deep doublet abandoned oil 
and gas wells and single wells for geothermal 
energy, in the form of a “Vertical Earth Heat 
Probe”. The geothermal gradient of the Albanian 
Sedimentary Basin has average values of about 
18.7 mK-m' 1 . At 2 000 m depth the temperature 
reaches a value of about 48°C. In these single 
abandoned wells a closed circuit water system 
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can be installed. Near of these wells, can be 
build greenhouses. 

Consequently, the sources of low 
enthalpy geothermal energy in Albania, which 
are at the same time the sources of multi-element 
mineral waters, they represent the basis for a 
successful use of modem technologies for a 
complex and cascade exploitation of this 
environmental friendly renewable energy, 
achieving a economical effectiveness. Such 
developments are useful also for the creation of 
new working places and improvement of the 
level of life for local communities near thermal 
sources. 

6. CONCLUSIONS 

1. Albania has geothermal energy resources, 
which can be direct use as alternative, 
environmental friendly energy. 

2. Resources of the geothermal energy in 
Albania are; 

a) Natural springs and deep wells with 
thermal water, of a temperature up to 
65.5°C. 

b) Heat of subsurface ground, with an 

average temperature of 16.4°C and depth 
Earth Heat Flow. 

3. Construction of the space-heating system, 
based on direct use of ground heat, by using of 
the shallow borehole heat exchanger (BHE)-Heat 
Pumps systems, is actually most important 
direction of the use of geothermal energy. 
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THERMAL WATER SPRINGS IN ALBANIA 

Tab. 1 


N°of Springs 

Location 

Temperature in 
°C 

Salt 
in mg/I 

Artesian 
Spring yield in 
l.s-1 

1 

Llixha Elbasan 

60 

0.3 

0 

2 

Peshkopi 

5-43 

9 

10 

3 

Krane-Sarande 

34 


<10 

4 

Langarica-Permet 

6-31 


>10 

5 

Shupal-Tirana 

29.5 


10 

6 

Sarandoporo-Leskovik 

26.7 


>10 

7 

Tervoll-Gramsh 

24 


>10 

8 

Mamurras-Tirane 

21 

26 

>10 

9 

Steam Postenani springs 
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THE OIL AND GAS WELLS THAT HAVE 
SELF-DISCHARGE OF THE THERMAL WATER, 

Table 2 


N° 

Well Name 

Temperature 
in °C 

Salt 

in mg. I' 1 

Self- 
discharge 
in l.sec' 1 

1 

Kozani 

65.5 

4.6 

10.4 

2 

Ishmi 

64 

19.3 

4.4 

3 

Galigati 

45-50 

5.7 

0.9 

4 

Bubullima 

48-50 

35 


5 

Ardenica 

38 


15-18 

6 

Ardenica 

32 



7 

Semani 

35 


5 

8 

Verbasi 

29.3 


1-3 
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Photo 1 . Langarica-Permeti thermal water springs 



Photo 2. Geothermak deep well Kozani - 8 
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Fig. 1 
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Fig. 3 
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The SEG International Exposition and 79th Annual Meeting being held in Houston, 

Texas 

25-30 October 2009. 

THE USE OF GEOPHYSICAL METHODS IN 
SEARCH FOR CHROME DEPOSITS 


The Geophysical methods, as a part of geological complex in search for 
chrome deposits, have to solve two main problems: 

1. To conduct direct exploration for ore bodies. 

2. To help in the geological-structural mapping in order to study the factors that 
control the mineralization. 

In Albania was gained a good experience for the geophysical exploration of 
chrome deposits and were set up integrated methods to be used in ground and 
underground surveys. These are achievements of a collective body of geophysicists 
and geologists. These achievements have been published and presented in 
scientific sessions, dissertations, and in many geological and geophysical studies 
and projects (see references). In this monograph are generally presented the best 
achievements, especially those of the last ten years, carried out by specialists of the 
Geophysical-Geochemical Exploration Centre of Tirana. 

The geophysical complex for direct search includes surface mapping by 
gravity, magnetic and IP methods, and the electrical and underground surveying. 
Underground surveying was carried out for the search around mine works and bore 
holes. In order to get the geophysical documentation of the boreholes, are observed 
the magnetic field, the gravitational field, the IP, the electromagnetic waves, the 
scattered gamma radiation and the neutron activation. 

4.1. View on the geology of chrome ore deposits in Albania 

The big ophiolitic belt of Albanides, with ultramaphic massifs, is the main belt 
of chrome ore deposits in Albania. In 1984 Albania was ranked at the third place in 
the world for exploitation of chrome ore, reaching an amount of 960,000 ton/year. 
Chrome ore deposits are concentrated in the eastern ultramaphic belt (Figs. 

4.1, 4.2, 4.3), with two sequences of different geological-petrological-geochemical 
and metallogenic sequences, in lower part of geological cross-section in about 1000 
- 2000m thickness and that of cumulate sequence, over tectonic one, is about 500 - 
1000m thickness (fig. 4.4). 

The lower part of tectonic sequence represents the hartzburgite facies with 
dunitic alternation, composed of fresh rocks in the lower levels up to medium 
serpentinized rocks in upper levels. The dunites represent lenses of thickness of 
some meters, stretching over hundreds of meters. These alternations represent 10- 
15 % of the rock mass. A narrow alternated hartzburgite-dunitic facie, with 
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metallurgic chromite, is situated over the hartzburgite. Podimorf ore bodies as 
pseudostratos folded, lens, and column types, have rather big dip angle. 



Fig. 4.1. Chromite ore deposits in Bulqiza ultrabasic massif. 

(After Metalogenic map of Albania, at scale 1:200.000, 1999) 

1-Ophiolitic formation; 2- Neogenic molasse formation of the post frontal depressions; 3- 
Maastrichtian-Eocene flysch formation; 4- Upper Tithonian-Cenomanian Early flysch 
formation 5- Middle Triasic-Lower Jurassic Carbonate formation; 6- Terrigeneous 
metamorphosed Paleozoic formation; 7- Chromites ore deposits (occurrence, small, 
medium, and big deposits. 
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Fig. 4.2. Chromite and copper ore deposits in Tropoja-Kukesi ultrabasic massif. (After 
Metalogenic map of Albania, at scale 1:200.000, 1999 ) . 

1- Ohiolitic complex; 2- Neogenic molasse formation of the post frontal depressions; 3- 
Barremian-Upper Cretaous carbonate formation; 4- Middle Triasic-Lower Jurassic 
carbonate formation; 5- Terrigeneous metamorphosed Paleozoic formation; 6-7- 
Chromites and copper ore deposits, respectively (occurrence, small, medium, and big 
deposits). 
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Fig. 4.3. Chromite ore deposits in South Bulqiza and Shebenik- 

Pogradeci ultrabasic massif. (After Metalogenic map of Albania, at scale 1:200.000, 1999). 

1- Ohiolitic complex; 2- Neogenic molasse formation of the post frontal depressions; 3- 
Maastrichtian-Eocene flysch formation; 4- Barremian-Upper Cretaous carbo-nate 
formation; 5- Middle Triasic-Lower Jurassic carbonate formation; 6- Chromites ore 
deposits, respecti- vely (occurrence, small, medium, and big deposits). 
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Ksjkesi massif 



m j p i ^rns Pi4nn5Cg~|sr* i 7fTiB ed ^r^opniiF 7 !^ 


Fig. 4.4. The correlation scheme of the schematic geo-logical sections of the eastern belt of 
ultramaphic rocks (Hallagi H. et al, 1989). 

I- Hartzburgite; 2- Dunite; 3- Lherzolite; 4- Lherzolite-troctolite; 5- Pyroxenite; 6- 
Gabbro; 7- MOHO velocity discontinuity; 8- MOHO petrological discontinuity; 

9- Dunitic- hartzburgite facies of tectonites; 

10- Hartzburgite -dunitic facies of tectonites; 

II- Hartzburgite facies of tectonites; 

12- Mineralization levels. 
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In some deposits, the horizons of the mineralization are represented as anticlines 
or synclines. In some others as overlapped monoclines in different hypsometric 
levels are observed. Their dunitic envelopes have a thickness of some centimetres 
up to some tens of meters. The borders between the dunite and ore bodies are very 
well defined. The chrome-ore content is characterised by big amounts of Mg and 
little amounts of A1 and Fe. The values of the ratios Cr/(Cr+Al) are 0.76-0.84 and 
those of Fe/(Fe+Mg) are 0.28-0.35. The ore’s texture is represented as massive, 
nodular and disseminated one. The content of chrome oxide in high grade 
chromite is about 42-44 % and about 20 % in low grade chromite. It depends on 
the thickness of the ore body, as well. Massive texture ores are mainly situated in 
the central part of their bodies, as in Bulqiza, Kalimash, Kepenek and Zogaj 
deposits (fig. 4.5). 

The dunite-hartzburgite facies is step by step situated over the hartzburgite- 
dunitic ones. The content and the number of dunitic alternations increases from 
the bottom to its top in dunite - hartzburgite facies. 

The mineralization is connected with these dunitic alternations, and these ore 
alternations represent the main level of the mineralization. 

The thickness of the ore bodies, stretching from some tens of meters to some 
hundreds of meters, (in some cases up to 1550 meters) varies from 0.5 up to 5-10 
meters, dipping down to 200 - 400m. 

The cumulate sequence is situated with angular unconformity over tectonite 
(petrological MOHO). The dunite with rare alternations of hartzburgite and 
lherzolite are predominant inside this sequence. Chromite in its lower levels 
becomes more aluminite than in higher levels. 



Fig. 4.5. Geological transversal (EW) and longitudinal (NS) sections in the Bulqiza 
ultramaphic massif (Hallagi H. et al.1989). 

1- Hartzburgite; 2- Hartzburgite-dunite; 3- Dunite-hartzburgite; 4. -Dunite; 5. 
Mineralization levels. 

Metamorphic chromite is characterised by high content of Mg and lower 
contents of Fe and AL. The values the of the ratio Fe/(Fe+Al) are 0.30 - 0.40 and 
those of Cr/(Cr+Al) are 0.81 - 0.84. Refractory ore as alumo-chromite has a ratio 
value Cr/(Cr+Al) = 0.55. They are characterised by belt texture up to disseminated. 
Ore bodies belt morphology is presented by the alternations of chromite with dunite 
and they have the form of small angle dipping lens, stretching some hundreds of 
meters. 
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In figure 4.6 is shown a cross-section of Krasta deposit in the Bulqiza 
ultramaphic massif. 

For geological-structural mapping purposes, electric soundings have been 
used simultaneously with gravity and magnetic surveys. The place and the role of 
each of these methods depend on the geology of the site, on the contrast of the 
physical properties between the ore bodies and the surrounding media and on the 
geological problem to be solved by geophysical methods. 



Fig. 4. 6. Geological section at Krasta-Lugu Thelle deposit, Bulqiza district (Stermasi 
Sh. et al. 1989). 

4.2. PHYSICAL PROPERTIES OF CHROME ORES AND ULTRABASIC 
ROCKS 

The geophysical methods in search for chrome ore deposits are mainly based 
on the distribution of gravitational, magnetic and electrical fields, which depend on 
the density, magnetism, IP and the electrical resistivity changes of the ore bodies 
and the surrounding rocks, and on the geology of the site, as well. 

Petrophysical studies are carried out for the ultrabasic rocks of some massifs 
(especially those of the eastern belt) and for chrome ores, in some deposits of 
Albania. There are analysed the results of petrophysical studies on the density 
(1490 samples), magnetic (727 samples) resistivity and induced polarization (374 
samples) (Frasheri A., 1974, 1989) and thousands samples by other geophysicists 
(Bushati S. 1997, 1998, Leka P. et al. 1988, 2002, 2004, etj.) of ultrabasic rocks 
and chrome iron ores. 
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4.2.1 Density 

Iron chrome ores density 

Iron-chrome ores of hartzburgites and dunite-hartzburgite of the tectonite 

sequence, have a density value from 2550-4380 kg/m^. The ore’s density of Kam 
Tropoja deposit is mostly influenced by its contain of 0203, according to the 
relation: 


a = 40. C + 2000 (kg/m 3 ) (4.1) 

where a is the density of chrome ore, in kg/ m 3 
C is the ore contain of Cr203 in percentage, 
with a correlation coefficient of 0,92 (Fig. 3.1-a) 

This relation is not a universal one. It changes from one deposit to another 
deposit, from one body to another body. In Vlahna deposit (Fig. 3-1-b) the 
correlation has following relation: 

a = 27. C + 2430 (kg/m 3 ) (4.2) 


Many factors are conditioned such changes of the ore density. As can be 
seen from figure 4-7 these regularities are different depending by contain of 
chrome-spinel grains. 



Fig. 4-7. The dependence of the chromite ore density by Cr203 contain, in Kami (1) 
and Vlahna (2) deposits, Tropoja ultrabasic massif (Frasheri A., 1974, 1989). 


136 


731 


Fig. 4-8 shows the plot of the density versus the ratio Cr20s/Fe0 value. Relation 
(4. 1) and (4.2) show that they depend by contain of Cr 203 , which is the main factor, 
and the density of chrome spinel as well. 
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Density of iron chrome ores from different deposits and occurences in Tropoja 
utrabasic massif (Frasheri A., 1974) 

Table 4.2 


Deposit or 
occurrence 

Ore structure 

Density 
In g/ cm 3 

Contain (atomic units) 

Cr 

Fe +3 

Fe + 2 

Magne-tic 

Compo- 

nents 

Ragam 

Nodular 

4.3714 

1.942 

0.867 

2.348 

5.40 

Tplane 

Nodular 

4.4413 

12.835 

0.576 

2.646 

3.60 

Pac-Qorraj 

Nodular 

4.4741 

11.748 

1.129 

3.815 

7.05 

Pac-Qorraj 

Compact 

4.5902 

10.974 

1.524 

4.713 

9.50 

Kam 

Compact 

4.4340 

11.358 

0.904 

2.998 

5.65 

Kam 

Compact 

4.4819 

11.634 

1.228 

3.526 

7.70 

Kam 

Nodular 

4.4294 

12.062 

0.862 

2.705 

5.40 


The dependence of chrome ore density by the structure, Vlahna deposit (Frasheri 
A., 1974, 1989). 

Table 4.3. 


Ore structure 

Predominant 
density values, 
kg/m 3 

Cr 2 0 3 
contain, 
in % 

Chrom- 
spinel 
contain, 
in % 

Rare disseminates 

2960 

19.97 

10 

Medium 

3480 

37.94 

50 

disseminates 

3800 

47.89 

72.5 

Dense disseminates 

4140 

61.44 

96 

Massive ore 

3410 

38.13 

40 

Nodular ore 
Banded ore 

3040 

27.49 

40 


Fig. 4-9 shows distribution curve of the density of chrome spinel ore from 
different parts of ore body Nr. 6, Kam deposit. 
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Fig. 4-9. Variation curve of the density of chrome spinel ore from different parts of ore body 
Nr. 6, Kam deposit. (Frasheri A., 1974). 1- Rich ore (123 samples); 2- Average 
contain ore (96 samples) 

The density of the chrome ore is conditioned by the degree of the 
serpentinization of its olivine. As higher is the degree of serpentinization, the 
smaller are the density values (fig. 4-10). 

Due to all those factors, ore density values are different not only in the same 
deposit but in the same kind of ore as well (fig. 4-11). 



Fig. 4-10. The density variation curves of the chrome ore in the tectonic sequence, which 
contains olivine with different degree of serpentinization. 

1- Ore between dunites, 2- Ore between serpentinized dunites. 



Fig. 4-11. The density variation curves of the chrome ore in different parts of the 
ore body, Tplane occurrence. (Frasheri A., 1974, 1989). 
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1- Northern part (110 samples), 2- Central part (103 samples), 3- Southern part (101 
samples), 

4- Generalised curve. 


The high value of the Tplane occurrence ore’s density, with high percentage 
of Cr 2 C >3 contain, can be explained by the great density of chrome spinel (4441.3 

kg/m^) (Table 4.1.) and by the lack of the metamorphism of the studied ore body in 
which the olivine is not serpentinized. 

The density of chrome-iron ore, which is connected with cumulate sequence 
of the rocks, changes in a wide range (Table 4.3). 

The mode of the chromite from Kepeneku deposit, with dense disseminates 
structure up to massive, is 3,62 g/cm 3 (Fig. 4-12). The density of the chromite ores 
among the serpentinized rocks has a mode 3,28 g/cm 3 , because the olivine of the 
ores is serpentinized. 



Fig. 4-12. The density variation curves of the chrome ore in Kepenek deposit. 

(FrasheriA., 1974, 1989). 

1 - Ore of the body No. 1 (40 samples); 2- Ore among the dunites, body No. 7 (27 samples); 

Ore among the serpentinized rocks, body No. 7 (30 samples); 4- Generalized curve of the ore 

among the fresh dunites. 

The chromite ores ore body 1 of the Ragami deposit have a structure by 
average disseminates and nodular of body Ragam. The nodules are disseminated in 
the partial seprpentinized mass of the olivines (seprentine of the chryzotil kind) . As 
shows the fig. 4-13, the chromite ores from these deposits have smaller density, in 
comparison by the chromites from other deposits, in Tropoja ultrabasic massif. 
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Fig. 4-13. The density variation curves of the chrome ore in different parts of ore 
body, Ragami deposit. (FrasheriA., 1974, 1989). 

1- Ore of the body No. 1 (Ragami II) (57 sampes); 2- Ore of the body No. 2 (Ragami II) (29 
samples); 3- Ore from body No. 3 (Ragami II) (31 samples); 4-Ore from Ragami I (25 
samples); 5- Generalised curve. 


Comparing the generalized distribution function for rich chromite of different 
deposits, it is noticed that density has its characteristics distribution in every 
deposit (fig. 4-14). 

In fig. 4-15 and 4-16 are shown the density distribution curves of the 
chrome ore in some deposits of Tropoja and Bulqiza ultramaphic massifs. 



Fig. 4-14. Generalized variation curves of the density of rich chrome spinel ores of 
different deposits. (FrasheriA., 1974, 1989). 
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Characteristic of the petrodensity of chrome spinel ore and ultrabasic rocks. 

(FrasheriA., 1974, 1989). 


Table 4.4 


Kind of ore and rocks 

Nr. of 
samples 

Density, in kg/m 3 | 

Min. 

Max. 

Mode 

1 . Rich chromite, 
8 >3250 kg/m 3 

720 

3260 

4380 

3730+20 

2. Chromite with average 
contain 2800< S >3250 
kg/m 3 

136 

2830 

3250 

3040+40 

3. Poor chromite 
2500< 8 >2800 kg/m 3 

13 

2550 

2790 

2700+80 

4. Dunites 

101 

2820 

3340 

2910+40 

5.Serpentinized dunites 

46 

2650 

2790 

2620+20 

6. Serpentinites from 
dunites 

182 

2220 

2640 

2570+30 

7. Hartzurgites 

164 

2800 

3330 

3000+40 

8. Serpentinized 
hartzburgites 

33 

2660 

2800 

2690+80 

9. Serpentinites from 
hartzburgites 

31 

2200 

2650 

2580+50 

10. Pyroxenites 

4 

2640 

3320 

3080+260 

1 1 , Gabro-pegmatites 

10 

2560 

3150 

3070+160 
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Fig. 4-15. Generalised curves of the density variations of the chrome ore and the 
ultramaphic rocks of the Tropoia massif tectonic sequence. (Frasheri A., 
1974, 1989). 

1- Serpentinite, 2- Serpentinized ultra-maphic rocks, 

3- Dunites and fresh hartzburgites, 4- Ore of rare disse-minated structure, 5- Ore of 
medium disseminated structure, 6- Ore of dense disseminates or massive. 



Fig. 4-16. The density variation curves of the chromi-te ores in deposits of Bulqiza 
and Tropoja ultra-maphic massifs. (Frasheri A., 1974, 1989, Pumo E. et al. 
1994). 

1- Bulqiza (plotted according to the data given by Bushati S., Karcanaj P. 1988) 2- Ragami, 
3- Kami, 4- Kepeneku, 5- Tplane, 6- Cerruja. 

Based on generalised results of the study on chrome ore density in Albanian 
deposits, we can divide them into three categories, which have different density 
values: 

1. Rich chromites, with 42% of 0203 contain and with the highest density value, 

which varies form 3260 - 4380 kg/m^. The predominant density value is 
3730 kg/m^ corresponding to chrome ores with 42% of Cr 203 . 

2. Chromites with average contain of chrome oxide Cr 203 of 32-42% and density 

values of 3200 - 3680 kg/m^. The predominant density value is 3300 kg/m^ 
corresponding to chrome ores with 32.5% of Cr 203 contain. 

3. Low contain of chromites, with 12.5-30.0% of Cr 203 contain and low-density 

values of 2550 - 3200 kg/m^. The predominant density value is 2700 kg/m^ 
corresponding to chrome ores with 17.5% of Cr 203 contain. 

Ultrabasic rocks density 
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The study of the density of the ultrabasic rocks was carried out according to 
their classification in fresh and serpentinized dunites and hartzburgites, 
pyroxenites and the kinds of vein series (Dede S. 1865, Dobi A. 1981, Ndoja I. Gj. 
1961, 1988, Shallo M. et al. 1989). 

The density values of the ultrabasic rocks of tectonic sequence of 
hartzburgites and dunitic hartzburgites are between 2200 and 3340 kg/m^. 

The studies dunites have simple mineralogical composition. Mainly olivine 
and chrome spinel takes part as accessory. The highest density value of 3340 

kg/m^ is characteristic for fresh compact dunites (Photo 4.1). In figure 4.16 is 
shown the density distribution curve of the dunites in the ultramaphic massif of 
Tropoja. In the dunites group, besides the fresh rocks (with 0-5% of serpentine) are 
also included little serpentinized rocks (with 10-15% serpentine) with a 

predominant density value of 2910 kg/m^. 

Serpentinized dunites can be distinguished by the predominant density 

value of 2680 kg/m^- For this types of rocks the contain of serpentine ranges from 
15-20% up to 50%. 

This decrease of density values can be explained by the fact that chrysotile 
and antigorite, created during the transformation of the olivine in the process of the 
serpentinization, have density values from 2500-2700 kg/m^, which are lower than 

the density values of the olivine from 3300-3500 kg/m^. The high number of 
cracks in the rocks can also explain such decrease of the density. 

In the figs. 4-17 and 4-18 is also shown the distribution curves of the 
density values of the ultrabasic rocks of Bulqiza and Tropoja massifs, particularly 
and rocks of cumulate sequence in Cerruja area (Bulqiza). The density values of the 
hartzburgites and the serpentinized hartz-burgites are the same with those 
mentioned above. The studies hartzburgites have an average composition of 60- 
70% olivine, 30-40% rhombic pyroxene, 1% chrome spinel, serpentine and very 
rarely some grains of monoclyne pyroxene (Photo 4-2). 

Though the density of hartzburgites varies within the sae limits as the 
density of dunites we notice that the maximum in the distribution curve of 
hartzburgites density shifts on the right, i.e. they have a density mode of 3000 
kg/m 3 , which is greater than that of dunites. 



144 


739 


Fig. 4-17. Variation curves of the density of chrome spinel ore 

(1) , dunites 

(2) and hartzburigites 

(3) , Ragami deposit. (FrasheriA., 1974). 


As it can be seen from the distribution curves in figures 4-15 and 4-18, it 
seems that the dunites of tectonic sequence have a predominant density value of 

1500 kg/m^ lower than the hartzburgites. This shows that the dunites are more 
serpentinized than the hartzburgites, even though they are situated in the same 
conditions. 

The average densities of dunites and hartzburgites of cumulate sequence are 
almost even, but however, the densities of hartzburgites are characterised by a 
higher variation factor, which indicates that these rocks have different degrees of 

serpentinization. The top density value of 3180 kg/m^ shows about the existence 
of lower serpentinized hartzburgites than dunites. There were no defined density 
borders between dunites and hartzburgites of cumulate sequence in Cerruja 
deposit. 
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Fig. 4-18. The density variation curves of the dunite (1) and hartzburgite (2) of tectonic 
hartzburgite sequence and dunitic- hartzburgite one of the Bulqiza massif (a) 
(Bushati S. etc.), of Rragami massif (Tropoja) (b) and of cumulate sequence in 
Cerruje (Bulqiza) (c) (Frasheri A. 1974). 

Petrographic studies have demonstrated that the dunite rocks, which the 
fissures constitute 10-15% to 20% of the rock volume, has a density values of 3000 
kg/m 2 , though they may be unserpentinized. 

The pyroxenites and gabbro-pegmatites have high density values. The 
predominant density values of pyroxenites and gabbro-pegmatites are respectively 
3080 kg/rn^ and 3070 kg/m^ 

The serpentinites have lower density values than all the kinds of 
ultramaphic rocks even if they are of dunite or hartzburgite origin (fig. 4-15). The 
predominant density value of serpentinite is 2570 kg/m^ (Photo 4-3) Serpentinite 

with smaller density values than chrysotile and antigorite (2200 kg/m^), which 
represent 90% of rock mass, can be found as well. The porosity and the fissures, 
especially in the serpentinites that are formed during the process of dynamo- 
metamorphism, can explain the decrease of density values. 

Very important is comparison of the density of ultrabasic host rocks and density 
contrast among chrome spinel and surrounding rocks in different deposits. Dunites 
and hartzurgites in Tplane deposits have the most higher values of the density, 
with respectively modes 3000 and 3070 kg/m 3 (Fig. 4-19). 



Fig. 4-19. The density variation curves of the chromites 

(1), dunites (2) and hartzburgites (3) in Tplane deposit, Tropoja 
ultrabasic massif. (Frasheri A., 1974). 

In the Ragami deposit are located also the serpentinized dunites and 
hartzburgites, with density smaller 2800 kg/m 3 , and serpentinites (Fig. 4-20). The 
mode of the dunites density is 2820 kg/m 3 , and of the hartzurgites 2950 kg/m 3 . 


Frequency 
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Fig. 4-20. The density variation curves of the chromites (1), dunites (2) and 
hartzburgites (3) in Ragami deposit, Tropoja ultrabasic massif. (Frasheri A., 
1974, 1989). 

Consequently, in Ragami area the dunites are most serpentinized that 
hartzburgites. 

The density of the dunites in Kepenek deposit change from 2900 to 3040 
kg/m 3 , and hartzur-gites from 2550 up to 3100 kg/m 3 , with a mode 3040 and 
3010 kg/m 3 , respectively (Fig. 4-21). Hartzburgite individualisations, near of the 
zone of disjunctive tectonics are presented more serpentinized. 


Prequ&nty 



Fig. 4-21. The density variation curves of the chromites 

(1), dunites (2) and hartzburgites (3) in Kepenek deposit, Tropoja ultrabasic 
massif. (Frasheri A., 1974). 

In the other deposits or occurrences in the Tropoja ultrabasic massif, the 
density distribution of the different kinds of the surrounding rocks, has another 
character. In the Kami deposit, there are extended a ultrabasic rocks with a density 
mode of 2530 kg/m 3 , which shows the present of serpentinites. 

The density of the dunites and apodunitic serpentinites change from 2480 
kg/m 3 up to 3050 kg/m 3 , and mode 2530 kg/m 3 (Fig. 4-21). 


Frequency 



Fig 4-22. The density variation curves of the chromites (1), dunites (2) and hartzburgites (3) 
in Kami deposit, Tropoja ultrabasic massif. (Frasheri A., 1974). 

The hartzburgites and apoharzburgitic serpentinites have a density varies 
from 2380 up to 2940 kg/m 3 , with mode 2540 kg/m 3 . 
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In the Vlahna deposit, in Paci and Gzhima occurrences, predominate 
serpentinites with average density 2560 kg/m 3 (fig 4-23, 4-24, 4-25). Only in the 
great depth, are located also the fresh ultrabasic rocks. 



Fig. 4-23. The density variation curves of the chromites (1), dunites (2) and hartzburgites (3) 
in Vlahna deposit, Tropoja ultrabasic massif. (Frasheri A., 1974). 



Fig. 4-24. The density variation curves of the chromites (1), dunites (2) 

and hartzburgites (3) in Paci occurrence, Tropoja ultrabasic massif. (Frasheri A., 1974). 



Fig. 4-25. The density variation curves of the chromites (1), dunites (2) and hartzburgites (3) 
in Gzhima occurrence, Tropoja ultrabasic massif. (Frasheri A., 1974). 

Based on above-mentioned analyse it is possible to take some geological 
conclusions about the ultrabasic massif of Tropoja: Ragami deposit, Tplane and 
Paci occurrences are located in the western part of the massif. Kami, Kepenek and 
Vlahna deposits are located in the eastern part of the massif. The density mode of 
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the ultrabasic rocks in the western part of the massif is averagely 2980 kg/m 3 , in 
eastern part 2550 kg/m 3 . This situation shows that in western part of the massif 
are extended mostly fresh ultrabasic rocks. Serpentinized dunites and 
hartzburgites also and the serpentinites are presented in general eastern part of 
the massif rocks. Consequently, from west to the east is increased the level of the 
serpentinization and dynamo-metamorphism. In the same time, serpentinization 
intensively of dunites and hartzburgites are different in these both side of the 
massif. Dunites of the western part of the massive are most intensively 
serpentinized that hartzburgites. Par counter, in the eastern part, there are 
hartzburgites most serpentinized. In the vertical direction, the density of the 
geological section rocks, in the deposits, in general, is homogeneous. Density space 
distribution peculiarities of the ultrabasic rocks of the Tropoja massif are expressed 
geological-textural settings of the massif. 

Figs 4-15, 4-16, 4-19 up to 4-25 and tab. 4.5 shows the value of the density 
contrast among chromite spinel ores and ultrabasic rocks of the Tropoja massif. 


Residual density of chromite spinel ore and ultrabasic rocks of Tropoja 

massif 


Tab. 4.5. 


Ore or rock 
individualisation 

Surrounding rocks 

Residual 
density and 
confidence 
borders, 
g/cm 3 

Rich chromites 

Fresh dunites and 
hartzburgites 

800+40 

Serpentinized 
dunites and 
hartzburgites 

1000+20 

Serpentinites 

1 100+40 

Average contain of 
chrome spinel 

Serpentinized 
dunites and 
hartzburgites, 
serpentinites 

400+50 

Piroxenites 

Serpentinized 
dunites and 
hartzburgites, 
serpentinites 

40+260 

Gabbro-pegmatites 

Serpentinized 
dunites and 
hartzburgites, 
serpentinites 

400+180 

Fresh dunites and 
hartzburgites 

Serpentinized 
dunites and 
hartzburgites, 
serpentinites 

400+40 


Based on petrodensity studies, it results that chrome ores have different 
density values from those of the surrounding ultramaphic rocks. Massive ores are 
very well distinguished from surrounding rocks; medium disseminates chromites 
can be distinguished by serpentinized rocks and serpentinites and poor chromites 
are different from the last ones. Dunites and fresh hartzburgites, pyroxenites and 
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also gabbro-pegmatites are differentiated from all kinds of serpentinized 
ultramaphic rocks. 

4.2.2. Magnetism 

The magnetism values of the chrome ore and the ultrabasic rocks is 
unstable and change in a wide range. The magnetism is the most variable property 
of them. This is due to the quantity changes of iron-magnetite minerals and their 
forms inside the ore or minerals. The variation of their residual and chemical 
magnetism strongly depends on the chemical transformations, recrystallization and 
redistribution of the mechanical stresses. Therefore, chrome ores and ultrabasic 
rocks can be classified as nonmagnetic, weakly magnetic, and strongly magnetic 
ones. 

Iron chrome ore magnetism 

Massive texture iron-chrome ore, situated inside fresh ultrabasic rocks, has 
an induced magnetization (Ii) predominant value of (500+50)* 10"^ SI units (fig. 4- 
26, tab. 4.6). 

The remanent magnetization of those chromites varies between (100- 
8 100)* 10~5 SI units. In Kepenek deposit are found very powerful magnetic ores with 
a predominant remanent magnetization value of 5300*10"^ SI units (Photo 4-4), 

and also non-magnetic ores, with I r values (150-70)*10 - ^ SI units. The ores of 
average disseminates structure have smaller induced magnetization levels than the 
massive ores. The remanent magnetization in massive ores has almost equal values 
(Table 4.6). 

From this table it can see that the ore in serpentinized rocks differs from the 
others. Unlike the ore i the fresh rocks, those in the serpentinized rocks are 
generally not magnetic. 
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Fig. 4.26. The variation of induced magnetization (h) and remanent magnetization (I r ) of 
chrome ores and ultramaphic rocks of tectonic sequence (Frasheri A. 1974, 1989). 
1- Dunites, 2- Hartzburgites, 3- Massive structure chromites. 

The magnetic properties of the chrome spinel ore and the ultrabasic rocks. 

(Frasheri A, 1974, 1989) 


Table 4.6. 


Kind of ore or 
rock 

Qua 

ntity 

of 

sam 

P- 

les 

Induced magnetization 
Ii, *10- 5 units (SI) 

Remanent 
magnetization 
I r , *10- 5 units (SI) 

Min. 

Max. 

Mode 

Min. 

Max. 

Mode 

Chromite with 
structure of 
dense 

disseminated up 
to massive 
among dunites 

25 

100 

1250 

500+150 

10 

8100 

100 

700 

3200 

Massive 
magnetic 
chromite among 
dunites 

8 

2400 

10000 

3700 

2400 

10000 

5300 

Chromite with 
structure of 
average 
disseminated 
among duntes 

25 

100 

1000 

300+100 

1200 

6500 

2500+ 

900 

Chromite among 
the serpentines 

27 

100 

10000 

300+100 

10 

900 

100+80 

Dunite 

85* 

32** 

0 

700 

10±10 

50+30 

200+80 

10 

1800 

300+70 

Serpentinized 

dunite 

20 

38 

1000 

350 




Harzburgite 

109* 

56* 

0 

700 

15+15 

300+100 

20 

1000 

300+100 

Serpentinized 
harzburgite s 

87* 

14** 

40 

1000 

300 

20 

1300 

350+150 

Serpentinites 
from dunites 

82 

0 

3700 

150+70 

5 

70000 

300+90 

Serpentinite 

from 

harzburgite s 

68 

0 

1100 

250+50 

5 

9500 

150+60 

Pyroxenites 

102 

10 

720 

350+60 

10 

71000 

150+90 

Gabbro 

pegmatites 

21 

0 

270 

50 

170 

250 



Note: * samples quantity of h measurement 
** samples quantity of I r measurement 


The strong magnetic chromites, represent ores with 90-95% chrome spinel 
and 10-5% olivine contain. Their chrome-spinel appears splitted and corroded by 
olivine. Many thin belts of broken ores can be observed on polished sections. The 
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quantity of secondary magnetite is rather big in these ores. This secondary 
magnetite is found in the form of small spots and narrow and long veinlets almost 
parallel with each other, inside chrome spinel grains and in the fissures. Their 
induced magnetisation can be determined by the quantity contain of secondary 
magnetite. Due to the typical crystalline structure of spinel and to chemical 
formula (Mg, Fe)(Cr, Al, Fe^Oq, the chrome spinel represent the ferrite and 

magnetic moment of the molecule is created by bivalent atom of the iron Fe 2+ (table 
4.7). 


The dependence of chromite magnetism by FeO contains. 

Table 4.7 



Induced magnetization, 

Remanent magnetization, 

FeO contain 15% 

in xlO -5 SI units 

in xlO -5 SI units 

11.31 

140 

3517 

16.07 

270 

3153 


Chrome spinelides, behaving like ferrites have induced magnization which 
varies in broad limits, that depend on contain of bivalent of iron (Fe +2 ) in their 
spinelic structure and on the contain of the secondary magnetite as well. Beside 
the contain of bivalent atom of iron (Fe +2 ), which for the chrome spinel of the 
studies massif reaches averagely 3,3 atoms (Qina A., 1966), there is another 
characteristic linked with the contain of titanium oxide TiO (averagely 0,08 atoms) 
which is in just proportion with the contain of three valent atom of iron (Fe +3 ) (Qina 
A. et al. 1966, Qina A. 1970, 1987). The presence of TiC>2 influences its magnetic 
features, as well. In general, it is proved that, the magnetization gets higher 
together with the increase of the number spinel grains inside the ores. Besides the 
induced magnetization in the chrome spinelides there exists the phenomenon of 
hysteresis, as the result of which there might appear remanent magnetization. So, 
it is natural, that the remanent magnetism has gained values with broad limits, 
but with maximal values smaller than the remanent magnetization of the magnetic 
minerals and especially of magnetite. 

The larger magnetism of the massive structure ore compared with that with 
disseminates, is influenced even by the larger contain of Fe in massive ores. 

The remanent magnetization (I r ) marked reduction down to lOOxlO 5 units 
SI, and the induced magnetization (Ii) reduction down to 300x1 0 5 units SI for the 
ores in the serpentinized rocks was accompanied by a Q n ratio change (from Q n > 1 
to Q n < 1 ) as well (Table 4-6). The decrease of the remanent and induced 
magnetization of the ores situated between serpentinized rocks can be explained by 
the magnetization changes of the ferrite. Elastic strain effects due to the 
redistribution of mechanical stresses and the chemical-mineralogical changes 
occurring during the serpentinization process cause these changes (Photo 4-5, 4-6). 
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Nevertheless the ore magnetism is not the same for different deposits. For 
example, the disseminated texture ore in Fushe Kalt deposit in Bulqiza ultrabasic 
massif has a predominant induced magnetization value of 20x10-5 units SI, while 



Remanent magnetization Induced magnetization 

Fig. 4-27. The histograms of the variation of the remanent (I r ) and induced (IJ magnetization of the 

chrome ores in Fushe Kalt deposit in Bulqiza ultrabasic massif (plotted by data of Sharra 
Xh. et al. 1987, according to the measurements of Kosho P., Dema Sh., Rrenja A.). 

Ore structure: 1- Average disseminates, 2- Average-Dense disseminates, 3- Massive ore. 

the chromite of medium disseminates up to dense disseminates, or massive 
structure (Fig. 4-27). Massive chromites are not magnetic ones. 

Disseminated structure ores with high values of induced magnetisation up 

to 850.10"5 units SI are located in areas, which have been under a powerful 
dynamic action, where a lot of secondary magnetite is created within the serpentine 
mass and even in the chrome spinel grains. On the contrary, the massive ores of 
the same zone due to small contain of magnetite in the main mass have a smaller 
value of induced magnetization (Ii) . 


In the 45% of the analysed samples remanent magnetization observed is 
1 <I r /Ii<3,5 and in special cases up to 12,5. 
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Remanent magnetization vacillates in broader limits than the induced 
magnetization; especially, for particular samples it reaches up to 97000xl0 5 units 
SI. 


Mineralographic studies have proved that magnetism is strengthened 
alongside with the increase of the chrome spinel grains in the ore. 

Figs. 4-28, 4-29, and 4-30 show the distribution of the magnetization of 
chromite spinel ores of the Kepenek, Kam, Vlahna deposits. 



Fig. 4-28. Variation curves and histograms of the induced magnetiza-tion (Ii) of the Kepenek deposit 
ore (a), and Kam, Vlahna deposits and Pac occurrence (b). (Frasheri A, 1974). 

1- Massive ore of the No. 1 body, which is located among the fresh dunites (26 samples); 2- 
Massive ore of the No. 7 body, among the fresh dunites (27 samples); 3- Ore among serpentinized 
rocks of Nr. 7 body (27 samples); 4- Average disseminates, among the fresh dunites (25 samples); 
5- Magnetic massive ore of the No. 1 body (5 samples). 

1. Rich chromite ore from Kam, Vlahna deposits and Pac occurrence (generalized curve, 33 
samples); 

2. Poor-average disseminated ore from Kam and Vlahna deposits (common graphic, 12 
samples). 
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Fig.4-29. Variation curves and histograms of the induced magnetiza-tion (Ii) and remanent 

magnetization (I r ) for chrome spinel ores and ultrabasic rocks of the Kepenek deposits, and 
fresh rock of the Ragami deposit. (Frasheri A, 1974) 

1- Dunites, Ragami deposit (45 samples); 

2- Dunites, Kepenek deposit (30 samples); 3- Hartzburgites, Ragami deposits (58 samples); 5- 
Massive chrom spinel ore among the fresh dunites, Kepenek deposit (48 samples); 6- Chrome 
spinel ore among the serpentinized rocks, Kepenek deposit (52 samples). 
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Fig.4-30.Histogrames of the induced (Ii) and remanent (I r ) magnetization of the rich chrome spinel ores 
from Kam (1), Vlahna (2) deposits, and Pac occurrence (3). (Frasheri A, 1974). 


Magnetism of the rocks 

The ultrabasic rocks have a magnetism, which changes in a broad band, 
conditioned by the presence of the ferromagnetic minerals, mainly by secondary 
magnetite and less by the magnetized accessory chrome spinel. Being 
ferromagnetic, the ultrabasic rocks have a magnetic susceptibility, which varies 
also in broad limits. Apart from this, being ferromagnetic these rocks might have a 
large natural remanent magnetization (I r ). In this way the ultrabasic rocks can be 
considered from partially unmagnetic to strong magnetic. 

The fresh dunites and hartzburgites of tectonic sequence are not magnetic 
and cannot be distinguished by their magnetization if their degree of 
serpentinization is equal (Fig. 4-26, table 4.5). The magnetic properties of these two 
kinds of rocks vary within almost the same limits. Remanent and induced 
magnetization have respective values 10 x 10 5 units SI and 40 x 10 5 unit SI, so 
Q n <l, in the fresh rocks practically unserpentinized and cataclasised. The ration 
Qn=Ir/Ii>l is approximately in 48% of the cases, with average value 2,3 for dunites 
and 1,9 for hartzburgites. That reveals the influence of the thermal nature of the 
remanent magnetization. With the increasing of the activity of cataclases, 
magnetism is strengthened, especially the natural remanent magnetization. The 
fresh rocks have unequal magnetic properties in different regions. 

The rocks that contain ferromagnetic minerals, for example secondary 
magnetite are more magnetic. An induced magnetization (80-130) xlO 5 units SI 
can be conditioned by presence of 0,1% of magnetite. 
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In general, dunites are a bit more magnetic than hartzburgites, that means 
that they are more serpentinized and contain more secondary magnetite (Fig. 4-31, 
4-32, 4-33). 

With the increase of the serpentinization process, the magnetization (in 
particular the remanent magnetization) of dunites and hartzburgites gets stronger. 
This can be explained by the increase of the secondary magnetite and the 
thermoremanent magnetization. The magnetism of the serpentinites has a 
particularly characteristic: Its values vary in a wide range, from practically 
unmagnetic to strong magnetic, with values of I r = 70,000- 10"05 si units and l[ = 

3100-10- 05 SI units. 



Fig. 4-3 1 . The histograms of the variation of remanent (I r ) and induced (Ij) magnetization of 

the rocks in Fushe Kalt (Bulqiza) deposit (Plotted by data Sharra Xh. Et al. 1987, 
accorded to the measurements of Kosho P., Dema Sh., Rrenja A.). 

1. Average serpentinized dunites; 2. Strongly serpentinized dunites; 3. Little serpentinized 
hartzburgites; 4. Average serpentinized hartzburgites; 5. Strongly serpentinized hartzburgites. 
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Fig. 4-32. The histograms of the variation of remanent (I r ) and induced (1^) magnetization of 

the rocks in Kami (a), Vlahna (b) and variation curves (c)(Frasheri A., 1974). 

1. Serpentinites from dunites (55 samples); 2. Serpentinites from hartzburgites (59 
samples); 3. Piroxenites (102 samples). 

This phenomenon can be explained by the degree of serpentinization 
because the quantity of serpentines in the rocks doest not always determines the 
quality of secondary magnetite (Photo 4-7, 4-8, 4-9, 4-10). For example there is met 
serpentinites from hartzburgites totally serpentinized and transformed into 
serpentine and less in carbonate, which does not contain secondary magnetite and 
has Ii=80xl0- 5 units SI, I r =200xl0- 5 units SI. 
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Fig. 4-33. The variation curves of induced (1^) magnetization of the dunites (1) and 
hartzburgites (2), Ragami deposit. (FrasheriA., 1974). 

These great changes of the remanent magnetization, induced magnetization 
and of the Q n ratio for chrome spinel ores, ultrabasic rocks, in general, and for the 
serpentinites in particular, is conditioned, not only by the contain of the secondary 
magnetite. These phenomena are conditioned by the chemical and mineralogical 
transformations of the rocks during the serpentinization and by the redistribution 
of mechanical stresses, as well. The effect of dislocations is observed under the 
action of mechanical stresses during the process of the serpentinization, of the 
dynamometamorphism and of the tectonic activity. For example, in Cerruja deposit, 
the dunites and hartzburgites of the tectonic sequence are serpentinized. The 
serpentine contain, in some cases, reaches from 50% up to 85-90% of the rock’s 
volume. 

Different amounts of secondary grains magnetite can be found along the 
skeleton network directions. Contain of the secondary magnetite in this kind of 
rocks is 4-5%, while contain of secondary magnetite grains inside the mass of the 
serpentine of the hartzburgites is 0. 1-0.4%. For this reason, the susceptibility of 
this sequence varies in a wide range. The variation curve of the dunites has two 

maximums, one at the value of 120-10~05 SI units and the other one at the value of 
719*10"05 si units. This means that there are two kinds of dunites: weak magnetic 
and magnetic. The magnetism of the cumulate sequence rocks changes in the 
plane and in the cross-section. There are alternations of nonmagnetic and strongly 
magnetic rocks. 

Vein rocks, like pyroxenites in the majority of the cases are made up to 
medium granular to coarse-grained enstatite more or less bastitized. The rock is 
cataclasised and in the jumping and fissures zone there is often observed contain 
of fine-grained secondary magnetite. The magnetism of pyroxenite varies within 
wide limits. However, the majority of pyroxenite are weak magnetic. The values of 
their induced magnetism are (Ij = 350* 10"05 SI units, I r = 150*10"05 SI units) 

(Table 4-5). With the increase of the quantity of the secondary magnetite, the 
magnetism increases. The ratio Q n has an average value 4,0, but in particular 
samples up to 114. In these cases, the remanent magnetization has a thermal 
nature, under the influence of the magnetic field of the earth and surrounding 
rocks. 

The gabbro-pegmatite are magnetic only in the cases when there is primary 
magnetite in their composition, like in the cases of cumulate sequence (Tab. 4.5). 

Petromagnetic studies have shown the presence of inverse magnetization 
phenomenon for chrome spinel ores in some deposits (fig. 4.34). 

From this picture, it can be seen that the ores in Kepenek deposit (Tropoja 
ultrabasic massif), are characterised by vectors of remanent magnetization oriented 
in the average azimuth 0=356° and with dipping angle 0=-7O°, i.e. opposite to the 
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direction of the vector of remanent magnetization for surrounding rocks. The 
surrounding dunites the dipping angles of the I r vector is averagely 0=60° , where 
as the azimuth 0=42°. 



Fig. 4.34. The inverse remanent magnetization (I r ) for a chrome ore in Kepenek deposit, 
Tropoja ultrabasic massif. (Frasheri A. 1974, 1989). 

The sample from the dunitic envilope with I r vector, preserving the azimuth 
of direction d>=46° (as in the rocks that are far from the ore body), has a negative 
inclination angle, as in ore 0=-ll°. The petrographic study of the orientated thin 
sections show that along the direction with azimuth of about 45°, is noticed an 
event more accentuated development of the action of cataclisis of the rocks, which 
is expressed by a great number of cracks and microfissures. The majority of the 
microfissures, especially the most developed, are filled with serpentine of the 
chrysotile and microantigorite types and with some chrysotile-asbestos vein. There 
is found secondary magnetite concentrated in microfissures, especially in their 
periphery. Along the direction 45°, some prolonged crystals of olivine are noticed in 
a lying position so the direction of the vector I r agrees with the direction of the 
elements with primary structure (Photo 4.11). 
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The direction of I r vector of the chrome-spinel coincides with the strike of the 

ore body. The negative direction of the inclination of the ore’s remanent 
magnetization vector may be explained by the self inversion inside the spinel; or as 
a consequence of the demagnetization action of the magnetic field of the 
surrounding rocks (when the ore body was created after the process of the 
crystallization of surrounding rocks) . These rocks were already magnetized and the 
ore was magnetized under the action of the demagnetising field of the surrounding 
rocks (Fig. 4.35). Under the thermal influence of the ore matter, in the dunitic 
envelope of the ore body the direction of the I r inclination has changed. 



Fig. 4.35. Distribution of magnetic lines in the space between two bodies near each other, 
with the magnetization vectors in the same direction and sense. 

There are some geological facts that are in the favour of this idea: Among the 
ultrabasic rocks there is also met chrome spinel ore, with a surface surrounded by 
2-3 mm dunite salbande, yellow colour unlike the for dunites, which are more or 
less green (Photo 4-12). The microscopic study of the polished section has shown 
that chromite intercalates in the olivine and the part near of the contact is more 
serpentinized than the other part. This phenomenon shows the thermal influence 
of chrome spinel on the surrounding olivine. Apart this phenomenon there is also 
met ore that has cemented regular pieces of olivine (Photo 4-13). The 
mineralographic study showed that the order of the formation of the minerals is 
olivine- 

chrome spinel ore. Olivine has been recrystalized before the chrome spinel ore. 
There are also noticed intercalations of the chrome spinel veilets in small 
dimensions in the olivine mass. Many other scholars have reached also the same 
conclusion on the relative later formation of chromite spinel ore and have proved 
this thesis in many publications (Qina A. et al. 1966, Qina A. 1970, Dede S. 1965). 


The reversal of the remanent magnetization vector has been also noticed in 
some other deposits, such as in Kam (Tropoja), Fushe-Kalt (Bulqia) etc. 


In cumulate sequence and the surrounding dunite and hartzburgite rocks (for 
example in Cerruja deposit, Bulqize) have observed a normal vector of remanent 
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magnetization. This vector has a downward direction and a dip angle of 40°. This 
shows that the ore bodies have been created at the same time with the cumulate 
sequence of the rocks. 

Petromagnetic studies carried out for chromites and ultramaphics rocks 
demonstrated that: 

• Massive structure ores of many deposits are more magnetic than the 
surrounding rocks. 

• Disseminates structure ores are more magnetic than the surrounding rocks. 

• There are some nonmagnetic chrome ores. 

• The ultramaphic rocks can be distinguished from the surrounding rocks and 
from each other by their magnetism only if they have different degrees of 
serpentinization. Fresh rocks are not magnetic. The magnetism of 
serpentinites changes within wide limits. They are usually magnetic and 
sometimes strongly magnetic. Non-magnetic serpentinites can also be found. 
The dunites of cumulate sequence are more magnetic than the other rocks. 

• In some deposits and occurrences is observed inversed vector of 
magnetization. In these cases, the negative magnetic anomalies can observe 
over the magnetic chrome spinel ores. 

Tab. 4.8 presents the values of the contrast of the magnetism between the chrome 
spinel ores and ultrabasic rocks; 
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Contrast of the magnetism between chrome spinel ores and surrounding ultrabasic 
rocks in Tropoja massif (Frasheri A. 1974) 


Tab. 4.8 


7 


4.2.3. Induced 
polarization (IP) 

Polarizability of 
the ultrabasic rocks 
and the chrome spinel 
ores was determined 
on samples of regular 
geometrical shape 
(parallelepiped) with 
the dimension 100 x 
80 x 50 mm. 
Measurements were carried out in the time domain. The effect of induced 
polarization was expressed with the coefficient r|, which is given: 

_ dUjp^ xL00% 

dU p 

where: dUiP - the difference of IP potentials, measured 

500 ms after the switch off of the charging pulse. 
dUp - the difference of the charging pulse 
potentials. 

In some characteristic samples were studies the IP decay curve in three 
windows. The first window with integration from 260-520ms. For such 
measurements, IP chargeability is expressed in mV/V, and given: 

M = — xLOOO 

Vp 

where: V p - primary voltage 

V s - IP (secondary) voltage 

According to our measurements of same samples with both techniques we 
found that M/r|*4,5. 


Kind of the 

Deposit 
or occu- 
rrence 

Student 

para- 

meter 

w 

after I r 

Difference between 
the values of the 
magnetism, 
in xlO" 5 units SI 

Chromite 

ore 

Surrounding 

rocks 

Ir 

Ii 

1 Ir+Ii | 

Rich ore 

Serpentinite 

Pac 

Vlahna 

2,5 

22,2 

1000 

2000 

0 

100 

1000 

2100 

Dunite 

Kepenek 

10,0 

2300 

100 

2400 

Power up 
to 

average 

contain 

ore 

Serpentinite 

Kam 

Vlahna 

5,5 

8,3 

300 

1800 

130 

140 

430 

1940 
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The chrome spinel ores and the ultrabasic rocks are characterised by IP 
coefficient values from 0.2 -60%. They may be from unpolarizable to strongly 
polarizable (Tab. 4-9). 


Coefficient of Induced Polarization (IP) of chrome spinel ores and ultrabasic 

rocks. (Frasheri A. 1974) 

Tab. 4.9 


Kind of ores / rocks 

The scale of 
polarization 

Number of 
samples 

IP Coefficient, in % | 

Min. 

Max. 

Average 

Rich chromite 

Low 

14 

0,7 

3,0 

2+0,5 

Average 

57 

3,0 

18,0 

13+1,0 

Strong 

19 

18,0 

30,0 

25+1,0 

Chromite with average 
contain up to massive 

Unpolarizable 

18 

0,2 

2,0 

1+0,5 

Average 

39 

2,0 

18,0 

6+1,0 

Dunites 

Unpolarizable 
And low 

18 

0,2 

2,0 

1±0,5 

Serpentinite from dunites 

Low 

26 

0,4 

6,0 

2±1,0 

Average 

8 

6,0 

19,0 

12+3,0 

Strong 

6 

19,0 

41,0 

32±5,0 

Hartzburgites 

Unpolarizable 

51 

0,2 

2,0 

1±0,3 

Serpentinized 
hartzburgite and 
serpentinite from 
hartzburgites 

Low 

20 

0,5 

6,0 

3+1,0 

Average 

23 

6,0 

19,0 

11+2,0 

Strong 

34 

19,0 

51,0 

35+4,0 

Fresh pyroxenites 

Unpolarizable 

2 

0,1 

0,2 


Gabbro-pegmatites 

Unpolarizable 

2 

0,3 

1,0 



Chrome spinel ores polarizability 

The rich chrome spinel ores has an IP coefficient (r|) which varies from 0,7 to 
30%. The polarizability is divided into three groups: 

• Chrome ores with small IP values (0.7-3%) and a predominant IP value of 

2 %. 

• Chrome ores with average IP values (3-18%) and a predominant IP value of 
13%. 

• Chrome ores with high IP values (18-60%) and a predominant IP value of 
25%. 


Ore bodies with high IP values have been found in some deposits (Fig. 4-36). 
Polarisable ores in Kepenek deposit are situated between fresh rocks. 

The chromites of cumulate sequence (for example Cerruja deposit) have IP 
values from 2% up to 4%. The ores of average and dense dissemination have the 
highest IP values. This feature is not very high for massive chromites. Low up to 
medium IP values have been observed in Kami and Vlahna deposit, (Tropoja massif) 
where chrome ores are situated between serpentinized rocks, and also in Tri Gjepra 
zone (Bulqiza) (fig. 4.37, 4.38). 
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Fig. 4-36. Variation curves and histograms of IP coefficient of 

chrome spinel ores in Kam deposit (a), Paci occurrence; c) Vlahna deposit; d) 
Kepenek deposit. (Frasheri A. 1974). 

c) 1- Rare up to average disseminates ore; 2- Rich ore. 

d) 1- Disseminates ore among the dunites (27 samples); 2- polarizable massive ore among the 
dunites (39 samples); 3- strongly polarizable ore among dunites (19 samples); 4- ore among the 
serpentinized rocks (28 samples). 




Fig. 4-37. Histograms of the IP coefficient variation in Tri Gjepra zone (Bulqiza massif), (plotted 
according to data presented by Prenga LI. et al. 1986). 

1. Chromites; 2. Dunites; 3. Hartzburgites. 
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Fig. 4-38. The variation curves of the IP coefficient of the chrome ores in Cerruja deposit (Bulqiza 
massif). 


In some deposits of average and high grade chromites except for chromite 
with average contain and sometimes rich chromites with average IP values, 
unpolarized ores exist as well (0.2 - 2%). 

Fig. 4-39 present variation curves of IP coefficient for chrome ores of 
deposits in the Tropoja massif. 



Fig. 4-39. The variation curves of the IP coefficient for the chrome ores and ultramaphics 
rocks of the Tropoja massif. (Frasheri A. 1974). 

1. Unpolarizable average contain and poor ores (7 samples); 2- Polarizable average contain 
and poor ores (39 samples); 3- Unpolarizable rich ore (14 samples); 4- Polarizable rich ore 
(57 samples); 5- Strongly polarizable rich ore (19 samples); 6- Weak polarizable ultrabasic 
rocks (115 samples); 7- Polarizable ultrabasic rocks (31 samples); 8- Strongly polarizable 
ultrabasic rocks (40 samples). 

The study of the polarization of massive chrome ores, in the majority cases, 
shows that high grade of IP polarization ores have higher levels of polarization than 
those with rare up to average disseminates. 

As can be seen from the IP coefficient variation curves (figs. 4-36 up to 4-39), 
the ability of chromites to get polarised is not the same, not only for different 
deposits but even for particular ore bodies of the same deposit and in side of the 
same ore body as well. 

Polarizability of the ultrabasic rocks 
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The IP coefficient of cumulate sequence ultramaphic rocks varies in a wide range 
than in the chromites (fig. 4-40) . If the maximal value of this IP coefficient reaches 
in 30% for the chromites, in the investigated rocks this one reaches up to 51% 
(Table 4-8). 



Fig. 4-40. Histograms and variation curves of the induced polarizability. Of 
ultrabasic rocks. (Frasheri A. 1974). 

1- Dunites; 2- Weakly polarizable serpentinites from dunites; 3- Polarizable 
serpentinites from dunites; 4- Strongly serpentinites from dunites; 5- Hartzburgites; 

6- Weakly serpentinites from hartzburgites and serpentinized hartzburgites; 

7- Polarizable serpentinites from hartzburgites and serpentinized hartzburgites; 8- 
Strongly polarizable serpentinites from hartzburgites and serpentinized hartzburgites. 

The secondary magnetite, in the cumulative sequence dunite, is present in 
the form of veinlets. The magnetite is higher especially where there is chrysotile- 
asbestos banding. The distribution curve of the IP coefficient of dunites has two 
maximums in Cerruja deposit. This indicates the presence of nonpolarisable 
dunites and strongly polarizable ones (fig. 4-41). The polarization values of the 
Cerruja deposit hartzburgites, vary in wider range than the chromites and dunites. 
Their IP coefficient varies from 0.2-51% and only one maximum point with a 
coefficient value of 3.2 % can be observed. 

Strong polarisability is characteristic for magnetic dunite and hartzburgite. 
The IP polarization of cumulate sequence rocks changes not only in horizontal 
plane but also in vertical section. Alternations of nonpolarisable rocks with strongly 
polarisable ones can be observed. 



167 


762 


Fig. 4-41. The variation curves of the IP coefficient of the Cerruja deposit, Bulqiza 
ultramaphic rocks. (Frasheri A. 1974) 

1 - Dunite, 2 - Hartzburgite. 

Based on the level of polarizability, rocks can be classified as low, average 
and strong polarisable ones. 

The dunites, hartzburgites and a kind of serpentinites can be considered as 
rocks with low polarization. Their predominant IP coefficient value is about 1%. 

The polarisability of the ultramaphic rocks increases with the increase of the 
serpentinization. According to the petrophysical studies, the polarization of chrome 
ores and ultramaphic rocks is mainly determined by contain and the shape of the 
secondary magnetite and in some cases by the small disseminates of the 
pentlandite, when they are present. Greater effect can be observed in cases when 
the secondary magnetite is present in the shapes of fine chains, very thin veinlets 
or lattice (Photo 4-14 and 4-15). There are many rocks with strong polarization 
more than the chrome spinel ore. No difference noticed between the serpentinites 
from dunites and serpentinites from hartzburgites. 

In order to know the nature of so changeable and strong polarizability of 
chrome spinel ores and the ultrabasic rocks we have studied the relation of the IP 
coefficient to the induced magnetization, electrical resistivity, the contain of the 
minerals with electronic conductivity or as semiconductors, the humidity and to 
the technical survey parameters like the density of the polarizing current and the 
time of charging pulse. The form of the decay curve of the IP effect was also 
studied. 

For other equal conditions (resistivity, rock soakness and the technical 
survey parameters) there exists the linear relation between the IP coefficient and 
the induced magnitization, for the ores and the ultrabasic rocks, too (fig. 4-42, 4- 
43). The relations with greater slope are those of the strongly polarized rich 
chromites, and of serpentinites. Since the induced magnetization of chrome spinel 
ores and the ultrabasic rocks depends on the presence of the secondary magnetite 
within, the induced polarizibility of the chrome spinel ore and the ultrabasic rock 
as well is determined by the contain of this semiconducting mineral that can be 
strongly polarized. These conclusions were fairly well proved by petrographic and 
mineralogical studies. 
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Fig. 4-42. The dependence of the IP coefficient by induced 

magnetization (Ii) for the ore with average disseminates (a) and rich ore (b). (Frasheri 
A. 1974, 1989). 

1- Polarizable rich ores and disseminates ores; 

2- Average disseminates ores; 3- Strongly polarizable massive chromites (resistivity about 

20 000 Ohmm). 

The ore cannot be polarized does not contain secondary magnetite. The ore 
has a polarizability up to 4% when it has small quantities of secondary magnetite 
in the form of detached spots. The polarizability is increased many times, not only 
when the quality of magnetite is increased but also when it is placed very thin 
chains and veinlets (their thickness may be 0,00064-0,0032 mm). The polarizability 
assumes values over 20% in the cases when the secondary magnetite is in a net- 
structure in the massive ore. The presence of other minerals with electronic 
conductivity or semiconductivity such as petlandit, have influences on the 
polarizability. It is very often found, though in small quantities, in chrome spinel 
ores in the form of very fine-grains crystalline individuals. 
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Fig. 4-43. The dependence of the IP coefficient by induced 

magnetization (h) of the serpentinites (resistivity about 50 000 Ohmm).( Frasheri A. 

1974, 1979). 

The fresh and the serpentinized rocks that do not contain secondary 
magnetite practically are not polarized (r|<0,2%). With the increase of the quantity 
of magnetite the IP coefficient is also increased. Where the secondary magnetite is 
the form of the fine chains and veinlets, the coefficient of IP has maximal values. 

In this way it is proved that the induced polarizability of the chrome spinel 
ore and the ultrabasic rocks first of all depend from the quantity of the secondary 
magnetite and the other minerals with electronic conductivity, as well as on the 
geometric of the grains of these minerals and the manner of their placing in the ore 
or in the rock. 

There are also defined the dependence of polarizability on the resistivity of 
the ore and the ultrabasic rock (fig. 4-44). With the increase of the resisivity, 
polarizability is increased and reaches the maximal values in the samples with a 
resistivity of 100 000 Ohmm. With the further increase of resistivity, the 
polarizability begins to decrease. 



Fig. 4-44. The variation of the IP coefficient on the resistivity of the chrome ore (1^=500.10 ^5 si 

units) (1) and on the resistivity of the tectonic sequence serpentinite ( Ii = 150 10 5 units SI) (2). 

(Frasheri A. 1974, 1989. 

We have studied the relationship between IP coefficient and humidity, in order 
to better know the dependence of polarization on resistivity. Both these 
dependences (the dependence of the induced polarizability by resistivity and by the 
rock soakness) show that the IP effect depends from the level of saturation with 
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water in the porous space of the ore or rock. When rock soakness is decreased to a 
certain level, the majority of the general polarizing current flows through the pores, 
which are blocked by the grains of magnetite, so the effect of IP become greater. 
The quantity of the IP effect greatly decreases for very small quantities of water. 
This reduction happens because, the surface of magnetite grains has a smaller 
affinity for water than the surface of the other neighbouring silicate grains for small 
contains of water, so the surface of the magnetite is the first to be dried. The same 
happens with the dependence of the IP effect on the resistivity. With the increase of 
resistivity to a certain limit, in analysed case equal to 100000 Ohmm, the part of 
the current that flow in the empty pores is reduced and the density of the 
polarizing current that penetrates into the magnetite grains is increased, the effect 
of IP is strengthened. The reduction of the IP effect for the samples with an 
extraordinarily large resistivity, over 100000 Ohmm, is connected with the general 
reduction of the density of the current that the flow through the sample, 
particularly through the magnetite grains. 

This regularity is not observed everywhere. An example of this are the ores 
located in the cumulate sequence of the Cerruja chrome deposit (Bulqiza massif). 
For this ores it has been observed that with the increase of resistivity the IP 
coefficient decreases. 

The amplitude of the induced polarization also depends on the density of the 
polarizing current (Fig. 4-45). For the averagely polarized ore, the IP potential varies 
linearly only in the initial interval, for a density of the polarizing current of 0,015- 
0,15 pA/cm 2 . The ore that is weakly polarized retains the linearity of the variance 
of the potentials of IP from the density of the polarizing current for many times 
greater values (up to 6,5 pA/cm 2 ). This shows that this kind of ore is polarized as 
the environment with ionic conductivity. 
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Fig. 4-45 IP potential (Upp) dependence by the polarizing current density (jpol)- (Frasheri A. 

1974). 

1 - Chrome spinel ore; 2) Dunite. 

In dunites, linearity is destroyed after the density of 3 pA/cm 2 of the 
polarizing current. The curve of the rocks, which have a magnetite in the form of 
thin veinlets placed in a lattice shape, is different from the one where the magnetite 
is present as homogeneously distributed dust. In the first case, the IP potential 
changes are linear up to the point where the density of polarised current reaches 

the value of 6 juA/cm^. The curve is characteristic for the metal-electrolytic 
interface. Therefore those rocks are strongly polarisable (the IP coefficient is 
22.3%). Some of serpentinites cannot get a polarizibility (IP coefficient is 1.8%) 
because their magnetite is distributed like dust. In this case we have to do with a 
straight line, characteristic for the polarization of the ionic conductivity rocks, 
which is smaller than that of the metallic-electrolytic interface. 

The above-mentioned factors, related with nature of polarization, find 
reflection even in the charge and decay curves of the later phase of IP effect (Fig. 4- 
46). The more prolonged charge and decay curve is found in the ores that the 
strongly polarized. In these ores the decay of the IP effect continues as long as the 
charge. About 50% of the potential of IP decay is observed averagely 20 seconds 
after the switching off of the polarizing current. In the ores and dunites that are 
weakly polarized, the decay of the effect of IP is almost three times quicker than in 
the above-mentioned case. The quantity of the potentials of IP is reduced 50% after 
12 seconds for the ore and 8 seconds for dunites, since the moment of switching off 
of the polarizing current. 

A short decay like this is characteristic for the polarizability of the 
environment with ionic conductivity. Analysing all the data related with the nature 
of the polarizability of the chrome spinel ore and the ultrabsic rocks, we reach the 
conclusion that their average and strong polarization is a voluminous polarization 
developed in the metal (magnetite) -electrolyte interface. The absence of distinctions 
between the anodic and cathodic polarization speaks of the volume’s nature of 
polarization, too. 
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Fig. 4-46. The charging and decay IP curves of the chrome spinel ore (1; 2) and dunites (3; 
4). (FrasheriA. 1974). 

Beside the facts mentioned above, another phenomenon has been observed 
in some kinds of ores (for example, in Cerruja deposit). In some zones has been 
found chromite without secondary magnetite which can be polarized up to 20%, 
and chromite with less than 0.2% of secondary magnetite in dust form, with an IP 
coefficient up to 40.6%. These kind of polarisable ores are different from the 
nonpolarizable ones (IP coefficient is 2%) only by contain and homogeneous 
distribution of the chrome spinel aggregates inside the serpentine mass. These last 
ones have less chrome-spinel (35-40%) and can get polarized more than the 
massive ores. 

From the correlation of the IP coefficient with the density, can be understood 
that the polarization is increased with the decrease of the density. This 
phenomenon shows that the IP of the ores is affected by the ore structure, the 
serpentinization degree of the olivine, the development of its capillary system and 
by contain of the metallic mineral. 

For the tectonic sequence rocks with the same contain of metallic grains, it 
has been observed that, the rocks of low porosity are more polarisable than the 
ones of greater porosity. This means that the IP effect is connected with the rock’s 
structure, and especially with its compaction and with contain and the form of the 
metallic grains. 

Residual polarizabilities of the chrome spinel ores and ultrabasic rock in 
Tropoja massif are presented in the tab. 4-10. 

The polarization study of the chrome ores and the ultrabasic rocks shows 

that : 

1. Strongly polarisable rich chrome ores, can clearly be distinguished from the 
dunite, hartzburgite and serpentinite with low and average polarisability. 

2. Rich and poor ores of average polarisability can be distinguished from the fresh 
ultramaphic rocks of low polarisability. 


3. Serpentinized rocks and serpentinite with secondary magnetite are strongly 
polarisable and can be clearly distinguished from the fresh ultramafic rocks. 
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Residual polarizabilities of the chrome spinel ores and ultrabasic rock in Tropoja 

massif 

(Frasheri A. 1974) 


Tab. 4-10 


Kind of ores 
and rocks 

Surrounding 

rocks 

Student 
parame- 
ter (t) 

Residual 
IP coeff. 
in % 

Strong 

polarizale rich 
chromite 

Dunite, 

hartzburgite 

8,8 

24 

Average 

polarizable 

rocks 

3,9 

14 

Average 
polarizable 
rich chromite 

Weak 

polarizable 

rock 

3,9 

11 

Averagely 
polarizable of 
chromite with 
average 
contain 

Weak 

polarizable 

rock 

6,7 

5 

Stron 

polarizable 

seprpentione 

Weak 

polarizable 

rock 

12,9 

30 

Averagely 

polarizable 

serpentine 

Weak 
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Based on petrophysical properties of the ultramaphic rocks and chrome 

ores it was concluded: 

1 . The density is a more stable and typical physical property, which can be used for 
distinguishing chromites from the surrounding rocks. Therefore the gravity 
method is the basic geophysical method for the search for chrome deposits. 

2. The gravity, as the main geophysical method of the search, can not substituted 
by magnetic surveying and either of them can not be substitute geoelectrical 
methods (as IP). There are strongly polarisable or magnetic ores whose density 
values have very small differences or no differences from the surrounding rocks. 
The bodies created by these ores, especially when they are situated between 
fresh rocks, are objects for the magnetic and geoelectrical surveying. 

3. There are chrome ores, which have the same or similar features with the 
surrounding rocks. These ore bodies cannot create local anomalies of physical 
fields and cannot be studied by geophysical methods. For example the 
disseminated structure ores, which have an average density value of 3300 

kg/ and 32% of 0203 contain, cannot be discriminated from the fresh 
dunite of the same density value. 

4. The physical properties of the ultramaphic rocks vary within broad limits and 
only in some cases a group of rocks can be differentiated by its physical 
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properties from the surrounding rocks. The cumulate and the tectonic sequences 
are discriminated. These groups of rocks can create geophysical anomalies 
comparable with the ore body anomalies. 

5. The study of the orientation of the remanent magnetization vector of the ores 
and the surrounding rocks can be used as a supplementary information source 
about their formation conditions and consecutive changes in time. 

4.3. APPLICATION OF GEOPHYSICAL ME-THODS IN SEARCH FOR 
CHROME DEPOSITS 

Many geophysical studies carried out in the ultrabasic massifs of Albania (as 
in Bulqiza, Tropoja, Kukesi, Shebeniku, Pogradeci etc) for the search for chrome 
deposits, which have been successful in many cases. They demonstrated that the 
geophysical methods are a part of the integrated methods for the search for this 
mineral ore. A long list of many scientific publications, on this item, is presented 
in the references. 

4.3.1. Exploration for chrome ore bodies 

The main principle for the application of the geophysical methods for the 
search for chrome ores, has been to start with the mapping in well known zones of 
the mineralization and to extend this mapping further to unknown zones, on 
surface and in the depth. 

The works carried out only in Bulqiza ultrabasic massif can illustrate the 
effectiveness of the geophysical search for chrome ores. Geological and geophysical 
mappings, at scale 1:2000 have been conducted in total over 65 km 2 or in 15% of 
surface of the Bulqiza massif (LI. Langore tec. 1989). There are observed 215 
geophysical anomalies have been fixed. Among them, 191 anomalies have been 
observed by only of one geophysical method, and 24 ones present complex 
anomalies: gravity, magnetic or IP. From 64 anomalies, 51 anomalies were fixed 
over the known chromite bodies /occurrences and have contributed for their 
development in the strike direction. Thirteen anomalies have been discovered 
buried chromite bodies without surface outcrops, which have been explored by 
trenches, galleries and drill holes. Thirty- five anomalies have been evaluated as 
very important for exploration and development works. Based on them the 
possibility of following their extension was achieved. Hundred fifty-one have been 
non-mineralised anomalies; but they are caused by particular rocks, tectonic 
faults, and topographic effects or by the change of the thickness of the deluvion. 

Based on these integrated geological-geophysical studies, industrially useful 
bodies (or deposits) were discovered in Ternove, Liqeni i Sopeve, 10 Korriku, Lugu i 
Gjate, Jugu i Batres (M-5 anomaly), Qafe Lame etc. Important results were 
achieved in other zones such as in Liqeni i Dhive, Maja e Thekres, Kaptine , 80 
Vjetori, Tri Gjepra, Bishti i Kalit etc. 

The efficiency of geophysics is still relatively low in comparison with copper deposit 
exploration. By integrated geological-geophysical surveys in the 35 objects in the 
Bulqiza ultrabasic massif to check the anomalies have projected 356 boreholes. 
From these boreholes, 145 have discovered chromite ores, and 211 have been 
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negative. The ratio of the success was 1/1,4. Many studies must performed before 
can be reached proper results for chrome exploration. 

a) Ore anomalies 

Geophysical anomalies caused by ore bodies have been observed in several 

areas. 


Over the ore bodies, weak gravity anomalies are observed, with amplitude, 
about 0, 1-0,2 mGal (fig. 4-47, 4-48, 4-49, 4-50). These anomalies are more evident 
after the field transformation (fig. 4-53, 4-55, 4-56). 



Fig. 4-47. Gravity anomalies map, Bouguer reduction, Kami deposit, and boreholes 
projected to check residual gravity anomaly. Iso-anomalies every 0,3 mGal. 
(Mihajllovsky Ja. M. 1960). 



Fig. 4-48. Gravity residual anomalies map, Kami deposit, and 

boreholes projected to check residual gravity anomaly. Iso-anomalies every 0,5x10-8 
mGal/ cm. (Lubonja L. et al. 1973). 
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Fig. 4-49. Geological-geophysical section III-III for projecting of the boreholes to check the 
residual gravity anomaly, Kam deposit. (Lubonja L. et al. 1973). 

1- Wzzz profile; 2- F(Ag) profile; 3- AZ profile; 4- Dunites; 5- Hartzburgites; 6- chromite ore 
body discovered by projected boreholes; 7- Disjunctive tectonics. 
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Fig. 4-50. Geological-geophysical section, Kami chromite deposit, Tropoja ultrabasic massif. 
(Frasheri A. et al. 1971). 

1- Peridotites; 2- Dunites; 3- Chrome spinel ore body. 


The gravitational anomaly is expressed in the Bouguer anomaly graph but it 
is better expressed in the residual gravity anomaly calculated by Saxov-Nygard 
formula F (Ag) and in the residual local anomaly (Ag) plots. In this cross section, the 
gravitational and magnetic anomalies were fixed not only on the ore body but also 
around it (for example in the point 128-142 on particular rocks). 

Field transformation of Bouguer gravity anomalies (Ag) in vertical derivatives 
of second (W zz ) and thirty (W zzz ) orders of the gravity field potential in the Krasta 
and Surroi deposits have presented the anomalies with greater amplitudes (fig. 4-9, 
4-10). 
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Legend 


Fig. 4-56. Map of the Bouguer gravity anomalies (Ag) transformation in vertical derivatives 
of second and thirty orders W zzz of gravity field potential, Surroi deposit, Kukesi 
ultrabasic massif (Lubonja L. & Frasheri A. 19676). 

1- Chromite ore body; 2- disjunctive tectonics; 3- (Ag) profil; 5- W zzz profil. 


In the Wzzz graphics can detect not only ore bodies, but their apophyses, too. 
Such transformations are created possibilities not only to amplify weak Bouguer 
anomalies, but also to select superimposed anomalies over bodies, which are 
located near each other. 

Transformations of the Ag anomalies in vertical gradients of the gravity 
potential W zz and W zzz must not create the wrong impression that through 
recalculations is possible to get anomalies even in the cases where there are no Ag 
anomalies over the chromite body. Transformations and recalculation of the W zz 
and W zzz only may show up some peculiarities of the Bouguer gravity anomalies 
map and in the same time diminish and eliminate some peculiarities that don’t 
permit to read the map. 

The distribution of the magnetic field in the Kami deposit is turbulent. With 
great attention have been possible to select the anomalies over the chromite ore 
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bodies (fig. 4-51). Fig. 4-52. Ore body Nr. 6 of the Kami deposit has created very 
clear IP anomaly (fig. 4-50). 

Figs. 4-57 and 4-58 shows the result of the geophysical exploration in the 
Ternova deposit in the tectonic sequence, Bulqiza ultrabasic massif. 
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Fig. 4-57. Integrated geological-geophysical map of 

Ternova deposit. (Langora LI. et al. 1989). 

1- Overburden; 2- Serpentinized dunites; 3- Serpentinized hartzburgites; 4- 
Pyroxenite veiny serie; 5- Gravity and magnetic anomalies; 6- Chromite ore 
body; 7- Serpentinized, schistized and brachiated tectonic zone; 8- Textural 
elements in the pyroxenite bands; 9-0 Boreholes. 
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Fig. 4-58. Integrated geological-geophysical section, Ternova deposit. (Langora LI. et al. 

1989). 

1- Observed magnetic anomaly (AT); 2- Mathematical modelling magnetic anomaly (AT); 
3- Overburden thickness h=2 m. ; 4- Ore body thickness t=l,6 m.; 5- Ore body dipping 
angle, a=65°. 

In the map, presented in the fig. 4-11, in Ternova area are outcropped two 
chrome spinel occurrences. Over the northwestern occurrence were observed 
complex gravity and magnetic anomalies, with amplitudes respectively 0,15-0,20 
Mgal and 400-600 nanoTesla. Over other outcropped body is observed only 
magnetic anomaly. The fig. 4-58 shows that under the overburden were discovered 
massive chromite ore body, with thickness about 1,6 m, and 220 m long, which 
presents the one of ore bodies of the Ternova deposit. 

South Batra area is characterized by absence of chromite mineralization 
outcrops. In the total intensity of magnetic field (AT) there are observed a negative 
anomaly with amplitude -650 up to -670 nanto Tesla, 320 m long and 80 m width 
(Fig. 4-59, 4-60, 4-61). 
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TOTAL MAGNETIC INTENSITY <DT) 



Fig. 4-61. Geological-magnetic section, South Batra area, 
anomaly M-5. (Langora LI. et al. 1989). 


In the case of the South Batra area, because of inverse remanent 
magnetization of the chrome ore body, anomaly is very complicated: anomaly 
presents a negative minimum together with a positive maximum (fig. 4.15). The 
lowest intensity values for the anomaly were observed where the depth of the ore 
body was 8 m (fig. 4.61). A horizontal displacement of the extremities of the axis of 
an anomaly and two maximums were observed in the profile No. 224 (fig. 4.60). 
This anomalous behaviour can be explained by the existence of a transverse 
tectonic fault, which divides the body into two parts along its strike. The southern 
extremity of its northern part and the northern extremity of its southern part are 
shown in the profile No 224. That means that there were two ore bodies and 
consequently two maximum points. 

As can be seen from the map on figure 4.59, all trenches performed to verify 
the anomaly, intersected ore bodies, except those presented in the profiles 224, 
228. The ore bodies in the profiles No. 224 and 228 were intersected by bore holes 
in great depths. In the axis of this anomaly 23 bore holes and 3 galleries were 
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projected at different topographic levels. All bore holes and galleries have 
intersected the ore body, which runs alongside the anomaly, with a strike about 
400 m. The thickness of the body is 2-3 m and its 0^03 content reached 30-40 %. 

Dipping ore body has a length of 180 meters. 

The search for chrome ore body in the M-5 anomaly, South Batra zone, 
illustrates the high effectiveness of magnetic surveying. 

Intensive and wide magnetic anomalies has been observed over a chromite 
ore body in the Leshnica and Vlahna deposits, at Kukesi and Tropoja ultrabasic 
massifs (Fig. 4.62, and 4.63). 

The chromite spinel ore of the Leshnica deposit is very magnetic. But, there 
don’t existing IP anomaly. Such absence of the IP anomalies is conditioned by very 
high 
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Fig. 4.62. Geological-geophysical section with a positive 

magnetic anomaly over a chromite ore body, Leshnice area, Kukesi 
ultrabasic massif (Frasheri A. et al. 1963). 

1- IP coefficient profile; 2 - Apparent resistivity profile; 3 - Vertical component (DZ) of 
magnetic field profile; 4 - Hartzburgites; 5 - Dunites; 6 - Ore body; 7 - Gradual 
geological boundary; 8 - Deluvion; 9 - Gallery. 
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humidity of chromites, which are located in the disjunctive tectonic zone, with 
intensive underground water flow. In such conditions, the magnetic chromite ore is 
non-polarizable. 

Negative magnetic anomaly of the vertical component (AZ) of -540 nanoTesla 
amplitude, and a clear IP anomaly, with amplitude of 35 - 50 mV/V, which is about 
3 times over the background level, have been observed over the Vlahna chromite 
ore body (Tropoja massif) (fig. 4.17). 
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Fig. 4.63. Magnetic and IP anomalies over the Vlahna deposit 

(Tropoja massif) (Frasheri A. et al. 1963, Lubonja L. & Frasheri A. 1966). 

1- IP coefficient profile; 2 - Apparent resistivity profile; 3- Magnetic anomaly (AZ); 4 - 
Masive chromite ore body; 5- Disseminates chromite; 5 - Hartzburgites: 6 - Dunites; 
7 - Disjunctive tectonics. 

In Tri Gjepra area (Bulqiza ultrabsic massif) has observed IP anomaly (fig. 

4.64). 


From the IP sections shown in fig. 4-18, can be seen that the IP anomaly is 
contoured by a line with value of 1.4% over the background level. This level is 1- 
1.2% for hartzburgites and 1.5- 1.8% for dunites. The anomaly has amplitude of 
1.5-2. 5% at the width of 30-40m. Since the ore body layout is underneath the 
shallow deluvion, these anomalies can be discriminated better by using of pol 
dipole array A20M20N,B^oo. Many boreholes and trenches intersected this 
anomaly, which a length about 280 m. 

The chromite ore in the Qafe Gjelas deposit in the Bulqiza massif has a 
predominant density value of 4000 kg/m 3 , which is higher than the density of the 
surrounding rocks. This is a magnetic ore and has a predominant IP coefficient 
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value of 1.7%. The dunites and hartzburgites have an IP coefficient of 0.7% and 
1.2% respectively. For this reason clear gravitational, magnetic and IP anomalies 
have been observed over this ore body (fig. 4-656). 



Fig. 4.65. Geological-Geophysical section in Qafe Gjela deposit 
(Bulqiza massif) (Prenga LI. Et al. 1983). 

1 - Ore body, 2 - Serpentinized dunite, 

3 - Serpentinized hartzburgite, 4 - Smooth-rock border, 5 - Deluvion, 6 - Tectonic 
fault. 

From this section can be seen that the IP anomaly is a rather wide one. This 
is due to the influence of ore body and its dunite envelope (fig. 4.66). Consequently 
a complicated wide anomaly is observed. 

In fig. 4-67 is presented a magnetic anomaly over chromite ore in the Tplane area. 

b) Non-ore anomalies 
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During the geophysical mapping for the search for chrome ores, have been 
observed a lot of non-ore anomalies, due to many factors such as: 

- Fresh rock inclusions between serpentinized rocks, which may create 
gravitational anomalies. 

- Serpentinized rocks with high content of magnetite which can create magnetic 
anomalies, or induced polarization. 

For example a magnetic anomaly of the amplitude -200 and +200 nT was 
caused by highly serpentinized dunites (fig. 4.68). IP anomalies can be observed, in 
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Fig. 4.68. The map of profiles of the total magnetic field 

intensity (AT) at Fushe Kalti zone (Bulqiza massif), where magnetic anomaly is 
observed over highly serpentinized belt and crushed dunitic inclusions have been 
observed (Sharra Xh., Rrenja A. et al. 1987). 

Gravitational anomalies have been observed in zones with thin cover of soft 
overburden and compact bedrocks close to surface (fig. 4.69). 
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Fig. 4.69. The map of profiles of the Bouguer anomaly in Fushe 

Kalti (Bulqiza massif), in a sector where are decreased the thickness of the soft 
overburden. (According to the Sharra Xh., Rrenja A. et al. 1987). 

Prior to Bouguer anomaly interpretation, the thickness of soft sediments 
(deluvion and eluvion) was determined by apparent resistivity soundings. The main 
task of the interpretation was to selected the anomalies caused by ore bodies. 

In fig 4-70 and 4-71 are presented magnetic anomalies over a non-magnetic 
rock individualisation between magnetic seprentites and pyroxenite vein , 
respectively, in Kam Tropoja deposit. 
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Fig. 4-71. Magnetic anomaly (AZ) over a pyroxenite vein, Kami 
deposit. (Fischer F., 1957). 

4.3.2. Underground geophysical surveys 

Underground geophysical surveys have been carried out in boreholes, in 
galleries and other mine works to solve the following problems: 

a) The search around mine works 

The search around mine works has been conducted in order to contour 
known ore bodies, especially those that are effected by tectonic faults, and to 
search for new ore bodies located around mine works. The goal was to increase the 
search depth and to get the available information for a sparse network of mine 
works at the first stage of the exploration. 


187 




782 


Underground surveys can be made by all geophysical methods, which are 
used also by surface mapping. Radio wave floodlighting method can be used as 
additional ones. 

The experience gained, especially during the eighty years period in Albania 
showed that the three components magnetic borehole method can be implemented 
successfully and efficiently for the search for magnetic chrome ore bodies. Typical 
example is presented the underground magnetic surveys in four boreholes in the 
Shkalla area, Bulqiza ultrabasic massif (Fig. 4-72) (Gjovreku Dh. 1984, Langora LI. 
et al 1988). In the borehole No. 141 are observed two anomalies, at the depth 100 
m and 140-180 m. The anomalies respectively have amplitudes: AZ=7 500 nT, 
AH=8 500 nT, and AZ=5000 nT, AH=8000 nT. 


Fig. 4.72. Geological-geophysical section in L-L 5 underground 

magnetic survey line, Shkalla deposits, Bulqiza ultrabasic massif. (Langora LI. et 
al. 1989) 

According to the geological-geophysical interpretation of the data in the L-L 
5, and L-L 6 lines result following conclusions: 

• Chromite ore body must located about 30-40 m from line L-L 6. 

• Northern prolongation of the ore body is about for 40 m. 

• Other ore body causes second anomaly. 

Projected boreholes have discovered ore bodies. 

Fig. 4-73 shows the underground magnetic surveys in boreholes at Bulqiza 
deposit. The observed magnetic field in the borehole Sh. 4 represents an 
anomalous field above and underneath levels. 

Borehole Sh.3 has intersected the ore body. The interpretation of the plots of 
the three component magnetic component Z and total magnetic component T 
showed that the ore body intersected by the bore hole Sh.2 in the forms of flexure 
is connected with the ore body intersected by the bore hole Sh.3. 

In borehole S-17, which did not interest any orebody, an anomalous sector 
of the total magnetic field vector T at a depth of 190-330 m was observed (fig. 4-74). 
This anomaly was interpreted as being caused by a magnetic chromite ore body 
between the boreholes S-17 and S-16. The shallow boreholes S-l, S-2, S-3 and S-4 
drilled at the end of gallery G-5 intersected the predicted ore body. 

The outputs of the radio wave floodlighting and radio wave profiling give 
good results when the chrome ore is magnetic and has dense up to massive 
structure (fig. 4.29) The absorption coefficient values of electromagnetic waves of 
frequency 1 - 10 Hz for this area is b = (0.02-0.04) Neper/m, which is greater than 
for ultrabasic rocks (b = 0.0012-0.0015 Neper/m). The hologram of the fig. 4-75 
show that maximal values of the image intensity are presented magnetic chromite 
ore body. 

IP methods can be used for the search of polarised ore bodies around 
boreholes by using the pole-dipole array N5M5A,B^oo and N10M100A,B^oo ? which 
can investigate a zone of a radius 7m and 60m, respectively. 

The results of underground survey are not affected either by complicated 
topography, or by alternated rock inclusion nearly to surface. Mine works, metallic 
equipment and geological heterogeneity have an effect on these results. To avoid 
these influences, underground surveying is carried out by a special methodology 
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and prior to the interpretation; the results are subjected to different mathematical 
processing. 

b) Well logging 

The geophysical methods have been used for geological documentation of the 
borehole trunk, ore bodies, tectonics faults and rock inclusions of different 
serpentinization degrees. Ore body thickness, deep layout, 0^03 content and the 

ratios Cr 203 /Fe 0 , Cr/Al have been determined at a rather high accuracy. 

The density is the more stable physical property, which in most cases is 
used for the selection of ore bodies from the surrounding media. The main method 
used for documentation of the borehole is the density and selective gamma-gamma 
logging (fig. 4.76.). 

In the borehole log of the diffused gamma radiation (Igg) the ore bodies can 
be outlined by radiation minimum, because they have higher density values than 
the surrounding rocks. 

From this figure can be seen that a detailed description of the borehole 
geological section and more accurate evaluation, together with partial drill logs, can 
be made according to well logging data interpretation. 
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Fig. 4.76. Diffused gamma radiation log (Igg) in Lugiane deposit, Bulqiza massif (after Nakugi I. well 
logging). 

1- Massive ore body; 2- Ore body with disseminated structure; 3- Dunites; 4- 
Hartzburgites; 5. Serpentinized dunites. 

Minimum points have been also observed in fresh, non-serpentinized, rocks 
individualizations, situated between serpentinized rocks. For discriminating them 
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can be is used a selective gamma-ray logging. The intensity of smoothed 
component of scattered gamma rays, which is determined by heavy element 
content (as chrome) in the borehole section, is recorded by this logging. 

Data on density gamma-ray logging can be used for the assessment of 0203 
content in the ores, for the computation of the ratios Cr 203 /Fe 0 and Cr/Al, 
because it exist a correlation between the ore density and the 0203 content, and 
between 0203 and FeO and Al. Magnetic and polarisable ore bodies are 

very well distinguished through magnetic and IP well logging. Serpentinized rock 
inclusions with secondary magnetite situated between fresh rocks give clear 
anomalies. These last ones can be used as geophysical indicators to distinguish 
tectonic sequences from cumulate ones, etc. 

Chrome ore bodies can also be discriminated from ultramafic rocks by other 
parameters such as the effective atomic number 19, cross-section capture 0.054 

cm"l> which are greater for hartzburgite and dunite (effective atomic number 12.5 
and cross-section 0.0015 cm~l ), and characteristic gamma ray spectrum (for high 
energetic levels 8.5 and 8.9 MeV). Based on these characteristics different kinds of 
logs, such as the neutron-gamma spectrometric, neutron-neutron, thermal and 
overthermal neutron logging can successfully be used for geophysical 
documentation. Ore bodies can be distinguished by higher logging values than 
those of the surrounding rocks. 

As it was mentioned above, it can be seen that, for the geophysical 
documentation of the borehole in chrome deposit, the basic method to be used 
should be the radiation logging (density, gamma-gamma, selective gamma-gamma, 
aluminium neutron-activation, neutron-neutron, thermal neutron and overthermal 
neutron logging). The magnetic, the IP and conventional resistivity logging can be 
used as additional methods. 

4.3.3. Geophysical applications for geological mapping 

Geophysical methods contributing to geological structural mapping 
purposes, aimed at successfully solving some regional and local problems. The 
structure of ultramaphic rocks massifs and their relationship with the 
surrounding media have been studied. Serpentinized and fresh rocks, tectonic and 
cumulate sequences have been discriminated by their serpentinization degree. 
Tectonic faults and deep elements of primary structures such as flow and banded 
structures, S, L and Q system of primary fissures, the individualisation of fresh 
and serpentinized rocks were mapped in the ore fields. The conditions of rock 
formation and their changes in space and time during the geological history have 
been studied for the mapped regions. During the exploration-developing stage have 
been studied, at a more detailed scale, the factors controlling the mineralization. 

For accomplishing geological-structural mapping tasks, have been used 
different kinds of geophysical methods such as gravitational, magnetic, 
micromagnetic mappings; magneto-telluric and electromagnetic soundings; low and 
high frequency seismic prospecting for big and shallow depths studies, respectively. 
These works have been accompanied by petrophysical studies 

Valuable information about the geology of Bulqiza ultramaphic massif and 
about other massifs has been received by gravitational mapping at the scale 
1:25000 (Kosho P.). In the figure 4.77 is shown a geological geophysical line in 
Klos-Bulqize-Shpuze (Frasheri A. et al. 1990). 

According to the interpretation of the Bouguer anomaly, the massif has an 
inverted conic shape. Its thickness is smaller at the edges and increases towards 
the centre (up to 5.5 km). Based on the distribution of the magnetic field, the 
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serpentinized sector of the ultramaphic rocks and the flanks where re massif is 
covered by the Neogene molasses sediments (especially the western flanks) have 
been mapped. The intensity of the magnetic field in these sectors is high due to the 
content of secondary magnetite. In plane, the anomalies have a mosaic picture, due 
to heterogeneous distribution of secondary magnetite. In these zones are also 
found some local minimums. 

These characteristics can be used as features for the discrimination of 
cumulate sequences. Magnetic anomalies of cumulate sequence have high 
amplitude and high frequency. 
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Fig. 4-77. Geological-geophysical line in Klos-Bulqize-Shpuze 
(Frasheri A. et al. 1990). 

1 - Hartzburgites, 2 - Serpentinites, 3 - Triassic limestone, 4 - Volcano-sedimentary 

series, 5 - Jurassic limestones, 6 - Cr^ - Pg^ flysch, 7 - Pg^ limestone, 

8. Cover tectonics, 9 - Disjunctive tectonics. 

Anomalies on dunite-hartzburgite tectonic sequences are characterised by 
smaller amplitudes and lower frequencies, meanwhile the intensity of the magnetic 
field is smaller than for hartzburgite-tectonite sequences. The correlation of 
different geophysical parameters, determines different perspective levels of 
ultramaphic cross sections, which help the search for mineralization. 

Micro magnetic survey has given good results in determining the primary 
textural elements in zones covered by 2-3 m thick soft sediments and in zones 
where these elements cannot be seen. This is possible because the axis of the 
magnetic micro anomalies have two directions, one parallel with the fissures 
systems L, S and flow and banded textures, and the second one which coincides 
with Q fissure system. 

The picture of the distribution of magnetic micro anomalies can be explained 
by the layout of the secondary magnetite mainly according to flow, banded textures 
and the fissures system L,S and C (fig. 4.78) and to the 
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Fig. 4.78. Primary structural elements and the direction of the axis of 
magnetic micro anomalies. (Frasheri et al. 1969). 

1 - Banded texture, 2 - Primary fissure system L, 3 - Primary fissure system S, 4 - Primary fissure 
system Q, 5 - Rose diagram and vectors of the direction of the magnetic micro anomalies axis, 
direction of the vector of thermoremanent magnetization, which coincide with the 
direction of primary structural elements. 

From the performed magnetic micro surveys, it seems that the axes of 
magnetic micro anomalies are the same for the dunitic rocks and the hartzburgite. 
That means that different kinds of rocks of tectonite-hartzburgite-dunite sequence 
have had the same development during the geological history. Dunites and 
hartzburgites can only be distinguished by unequal degrees of the serpentinization. 
The difficulty in distinguishing them is explained by the fact that these rock have 
physical properties which vary in a wide range and sometimes overlap each other. 

Serpentinites, generally, have high contents of secondary magnetite and are 
magnetic. Therefore the magnetic surveying can be used to study the weathering 
layer for the search of nickel-silicates. 

Geological geophysical studies of chrome ore fields have been carried out 
simultaneously with regional geological-geophysical mappings and petrophysical 
studies. These last ones have been used as a supplementary information source 
about the rock formation conditions, their composition and their changes in space 
and time. Such data are given in studies about the rock magnetism and its nature. 

In the Tropoja ultramaphic massif has been observed an increase of the 
rock’s density values, from the eastern part to the western one (particularly after 
Kami). That indicates that the rocks in the western part of this massif are less 
serpentinized than the ones in the eastern part. In the same direction can be 
distinguished the dunites from the hartzburgites of tectonic sequence. The 
hartzburgites have higher density values than the dunites. In the western part of 
the massif, is observed an increase of the content of pyroxenites inside 
hartzburgites and the degree serpentinization for these two kinds of rocks is 
different. 

4.4 Some important conclusions and recommendations 
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Based on the results of geophysical investigations for the search of chromite 
in Albania and in other countries of the world, some conclusions can be made: 

Geophysical anomalies are fixed on ore bodies and on rock inclusions. That 
means, not every anomaly may indicate about the presence of an ore body. 

On chrome ores there are not always geophysical anomalies. That means that the 
lack of anomalies does not necessarily indicate about the absence of ore bodies. 

The wide variation of the ore’s physical properties and those of the 
surrounding rocks can explain these, by the small differences between these 
physical properties, by the shape and the small dimensions of ore bodies compared 
with their layout depth. Therefore, a geophysical anomaly can indicate only about 
the possibility of the existence of an ore body. 

This anomalous situation is presented in the table 4. 1 1. 

In figs. 4-79 and 4-80 are presented a theoretical dependences of gravity 
anomalies (Bourguer reduction and vertical gradients) by mass /radius and depth 
of the ore body centres for a model in the sphere shape or horizontal cylinder, to 
have the possibilities to observed the anomalies, respectively with amplitudes 0,2 
and 0,4 mGal, and 20 Oetvesh. 

The characteristics of the anomalous geophysical picture, in the regions 
where chrome ore deposits are searched. 

Table 4. 1 1 


Chromite ore 
and surrounding 
rocks 

Gravity 

anomalies 

Magnetic 

anomalies 

Induced 

Polariza- 

tion 

anomalies 

Massive 

chromites, 

+ 

+ 

+ 

magnetic and 
polarizable 

+ 

+ 

- 

Massive 

chromites, 

■ 

+ 

+ 

magnetic, 

unpolarizable 

- 

- 

+ 

Disseminates 

chromites, 

+ 

■ 

■ 

magnetic and 
polarizable 

- 

+ 

+ 

Disseminates 

chromites, 

nonmagnetic, 

+ 

+ 

+ 

polarizable 

Fresh ultramaphic 

rocks 

Individualization 
Serpentinized 
ultramaphic rocks 
individualization 
Serpentinites 
intersected by 
gabbro-pegmatite 
dykes of cumulate 

+ 
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sequence 
Gabbro pegmatite 
dykes or frech 
pyroxenites 





According to these calcu 

ations, by gravity surveys is possible to discover 


chromite bodies in different depth, from tens to hundred meters, if will exist 
necessary mass of the ore body. For example, the ore body with radius 14,5 m and 
mass 50.000 tons, is possible to explorer up to 23,5 m depth of location, because 
the Bouguer anomaly will has an amplitude about 0,2 mGal. The mass about 
3.500.000 tons can be explored at 200 m depth of location, by survey such 



Fig. 4- 79. Theoretical limits of the ore body mass, for constant Depth of location of ore 
body, which will created an Bouguer anomaly of an amplitude Ag- 0,2 and 0,4 
mGal. (Frasheri A. 1968, 1974) 
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Fig. 4-80. Theoretical limits of the horizontal cylindrical ore 

body section surface, for constant depth of location of ore body, which will 
created an Bouguer anomaly of an amplitude Ag- 0,2 and 0,4 mGal and Wzz= 
20 Oetvesh. (Frasheri A. 1968, 1974) 

These limitations create the need for the implementation of some measures 
to increase the effectiveness of geophysical search: 

Direct search for chrome ore bodies should be carried out simultaneously 
with the geophysical-structural mappings and petrophysical studies in order to 
know the factors controlling the mineralisation. 

Surface and underground geophysical surveys (gravity, magnetic, 
geoelectrical ones) should be carried out in complexity. In the interpretation of the 
results should be considered all other existing geological information. This will 
make possible the determination of the nature of an anomaly, so that the ones 
caused by ore bodies can be selected. Better combination of surface with 
underground surveys leads to the increase of the search depth of the geophysical 
methods. 

Geophysical works can achieve better results when perspective zones are the 
exploration objects. The work should start from well-known ore bodies and not 
from small sectors. 

Geophysical studies should be carried out in the framework of complex 
geological studies. Only in this way can better be studied the geology of the 
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ultramaphic massifs, the premises for the search of ore deposits and ore bodies 
underneath the surface of the Earth. 

Since the number of shallow or near- surface ore deposits is decreasing, the 
implementation of geological methods, at present, is a necessity in order to increase 
the search depth for chrome deposits. 
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Abstract 

The results of an integrated study, performed in the framework of DAC Program, 
concerning protection and management of Vjosa River and Narta Lagoon environment in 
Albania, financed by the Greek Ministry of Environment Planing and Public Works, and 
European Community, are presented in this paper. This is a scientific collaboration of 
Albanian scientists (University of Tirana and Academy of Sciences) and Greek scientists 
(Aristotle University of Thessaloniki and University of Athens, and Albanian Foundation 
"Spirit of Love". 

Vlora Bay - Narta Lagoon - Vjosa River Mouth ecosystem is situated at the SE 
coast of the Otranto Strait. This ecosystem is distinguished for its particular natural 
individuality, and ecological values of international importance. The principal elements 
of the hydrological regime of the Vjosa River, the principal elements of the limnological 
regime of the Narta Lagoon, and the principal elements of the Vlora Bay in the Adriatic 
Sea in this paper are analyzed. 

The ecosystem biodiversity and human activity impact are important part of the 
study. The study is based on information, which is collected during the monitoring in the 
framework of the DAC Project. 

Key words: Vjosa River Mouth, Narta Lagoon, Vlora Bay, biotic monitoring, abiotic 
monitoring. 


1. Introduction 

Vlora Bay - Narta Lagoon - Vjosa River Mouth ecosystem, is located at the SE 
coast of the Otranto Strait (Fig. 1). This ecosystem, of great aesthetic value, distinguished 
for its particular natural individuality, and ecological equilibrium, constitutes the platform 
of the studies of the DAC project. 

Vlora Bay is one of the most representative bays of the eastern coast of the 
southeastern Adriatic Sea (Photo 1, 4, 5). 
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Fig. 1. Geographical Map of Albania 
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Photo 1-View of Vlora Bay 
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Photo-4- View of Coast of Vlora Bay 



Photo-5- View of Coast of Vlora Bay 


Vjosa-Aoos River is one of the biggest and most important rivers in the Albanian and 
Greek hydrography (Photo 2). 



Photo-2- View of Vjosa River 
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The Narta Lagoon is one of the most important lagoons of Albania (Photo 3). This 
is situated in the northern part of the Vlora Bay, about 3 km from Vlora City. Two islands 
are located in the south part of the lagoon, with an approximate surface of 7 ha. The 
bigger of the two is covered with cypress. The famous Monastery of St. Mary, built in 
XIV century is situated in this island. 



Photo-3- View of Narta Lagoo 

Anthropogenic activities have a great impact on Vjosa River Mouth- Narta 
Lagoon- Vlora Bay water system. Both Albania and Greece do not have a regional or 
international program for pollution monitoring in Vjosa- Aoos River System. So the 
project DAC concerning the Vjosa River and Narta Lagoon, has created the conditions 
for the realization of a regional network for pollution monitoring. In this monitoring 
network physical-chemical, hydromorphological and biological approaches have been 
followed. 


2. Material and methods 

The geomorphological regime of the Adriatic Sea coastline, analyzes is based on 
the collection and examination of archival documentation (Topographic Map of Albania 
of Austro-Hungarian Institute, 1870, Military Geographic Institute, 1918 and 1938, 
Soviet Naval Institute, 1955, Albanian Military Topographic Institute, 1958, Landsat 
imagery of 1975, 1982, 1984, 2001 etc). Determination of littoral sediment transport and 
coastal sedimentation, the classification of erosion and accumulation processes under the 
wave refraction etc. are studied by analyzing of the archival materials and field surveys 
data. 

Several physical-chemical parameters have been measured either in situ or in the 
laboratory. In situ measurements: Water velocity and discharge of the Vjosa River, pH, 
dissolved oxygen (D.O), temperature, conductivity and total dissolved solids (TDS). 
Water samples have been analyzed for the determination of the content of PO 4 -P, NO 3 -N, 
NO 2 -N, ammonia N, and total suspended solids (TDS). 

Length, the width and the depth of the Vjosa River bed have been estimated, 
respectively for the minimal, average and the maximal water levels. Water velocity and 
discharge in the channels from Narta Lagoon with Adriatic Sea has been estimated. 
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Lithology has been studied through geological maps, geophysical data, and during 
the field surveys. Granulometry of riverbed sediments have been estimated using the 
Wentworth scale. 

Results of the observed data have been presented by graphic-analytic relations 
R 0 =f(Q 0 ) and R 0 =f(F), where Q 0 is water discharge and R 0 is suspended load discharge. 

3. Analyses of the results 

3.1. Hydrography 

Aoos- Vjosa River flows in Greece and Albanian territory (Fig. 2,3). The Aoos river 
springs are located in the Smolek and Agos Mountain in Greece. 



Fig. 2. Vjosa- Aoos River Minitoring 



Fig. 3. Correlation between monthly-suspended load discharge (Rm) and monthly water 
discharge (Qo) of the Vjosa River in the Adriatic Sea. 
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Fig. 4. Correlation between annual suspended load discharge (R 0 ) and annual water 

discharge (Q 0 ) of the same probability (p=l%-99%) by the Vjosa River in the 
Adriatic sea. 

The main direction of the flow of the Vjosa River system is from SE to the NW, 
with a general tendency towards the coastal lowland from where it finally discharges into 
the Vlora Bay of the Adriatic Sea in Albania. The mouth of this river is situated in the 
northern area of the Narta Lagoon. Some of its main characteristics are the following: its 
catchment area is F=6710 km 2 , the mean altitude H=855 m, the length L=272 km and the 
density of hydrographic network is D=2.2 km/km 2 (Pano N. 1984).. 

The principal hydrological characteristics of Vjosa River System are presented in 
the Tab. 1. The average annual water discharge in Aoos-Vjosa River System ranges from 
Q o =61.0 m 3 /sec in Drino- Biovised area up to 164 m 3 /sec at Vjosa River Mouth in 
Adriatic Sea. The minimum discharges vary respectively from Q m i n =l 1.3 m 3 /sec to 41 
m 3 /sec, to the maximum discharge Q ma x=170 m 3 /sec to 6130 m 3 /sec. Equations 
describing mean annual water discharge (Ro) with the catchment area (F) for the main 
hydrometric principal axes of the Vjosa River are as follow: 

R o =0.00027.F 1 ' 55 ; R 2 =0.85; E 2 =± 12% 

The main load suspend discharges ranges from R 0 =53.3 kg/sec to 184 kg/sec. 

The suspended load discharge of Vjosa River i the Adriatic Sea varies in very 
wide limits from R o =480 kg/sec for the hydrological years of the low water discharge to 
R 0 =3.8 kg/sec for the years of high water discharge. Correlation between monthly- 
suspended load discharge (Rm) and monthly water discharge (Qo) of the Vjosa River in 
the Adriatic Sea is presented in fig. 4. The dynamics of the change of the coastline in the 
Vjosa River Mouth is also determined by variation of the suspended load discharge 
impact of this river in the Adriatic Sea during the multi-annual cycles. Correlation 
between annual suspended load discharge (R 0 ) and annual water discharge (Q 0 ) of the 
some probability (p=l%-99%) by the Vjosa River in the Adriatic Sea is presented in fig. 
5. Long-term distribution of the water and suspended load discharges of Vjosa River 
Mouth in the Adriatic Sea is presented in fig. 6. 
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Fig. 5. Long term distribution of the water and suspended load discharges in the Vjosa 
River Mouth in the Adriatic Sea. 



Fig. 6. General Evolution Map of the Vlora Bay-Narta Lagoon- Vjosa River Mouth 
coastline, during the period 1870-2001. 

1) Coastline in 1870; 2) Coastline in 1992; 3) Sediment contribution; 4) “Old” 
Vjosa River Mouth; 5) “New” Vjosa River Mouth; 6) Coastal erosion; 7) Coastal 
sedimentation; 8) Sea current direction; 9) Line zero sediment transport. 
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Narta Lagoon has a surface of 41.8 km 2 , the maximum depth 1.5 m and the 
average depth is 0.7 m. About 1/3 of its surface is used for salt extraction. Narta Lagoon 
is divided from the Adriatic Sea by the low hills of Zverneci- Treporti and by a littoral 
cordon of about 8 km long and width of 100-1400 m. The shape of the Lagoon is 
ellipsoid, with the main axe parallel to the coastal line. The Narta Lagoon is connected 
with the Adriatic Sea by two artificial channels, the South and the North Channel. The 
South Channel is 110 m long, 18 m wide, 1.67 m deep and the North Channel is 650 m 
long, 20 m wide and 0.54 m deep. Limniological regime of Narta Lagoon is determined 
by the hydrologic and climatic conditions of surrounding area and the water exchange 
degre with the Adriatic Sea. At the same time a shallow zone forms a barrier in the 
middle southwestern part. These conditions have an important impact in the general 
scheme of the geographical distribution of the limniological parameters in the Narta 
Lagoon. 

The principal limniological characteristics of Narta Lagoon are: water balance the 
elements, water exchange intensity of from Narta Lagoon with the Adriatic Sea, the water 
temperature, etc. The annual precipitation rate is x 0 =949 mm, with its minimum in July 
(22 mm) and maximum in November (148 mm). A water layer with an annual average of 
Z 0 =1271mm evaporates in this lagoon, with its minimum in January (32 mm) and 
maximum in July (208 mm). Water exchange process between Narta lagoon and the 
Adriatic Sea is realized through two channels. The mean average discharge of this 
process is 1-5 m 3 /sec. Narta Lagoon temperature rises from 1-7 °C to 29-40 °C. 

The principal hydrochemical characteristics of the Narta Lagoon, as the dissolved 
Oxygen (O 2 ), salinity (S% 0 ), pH etc, are presented in the Tab.2. The concentration of the 
dissolved Oxygen and other physical and chemical factors in Narta Lagoon water ranges 
widely in space and time. The O 2 in the Narta Lagoon water, during July 2001, rises from 
3.45 mg/1 to 8.19 mg/1 and the salinity from 44.60 to 62.73 % 0 . The salinity from 46.70 
%o to 50.55% o has been decreased during the December 2001. Evaporation of the Narta 
Lagoon water has greatly increased during the summers, with high temperatures. In 
parallel, the water exchange between sea and lagoon is decreased; the flow from the 
affluent basin is practically zero and the rainfall is almost completely absent. Under such 
conditions, the quantity of the water evaporating causes a great increase of the average 
salt concentration. The gradient of this change is increased in the relation with the 
distance from the lagoon inlets. During the winter the effect produced by the evaporation 
of the Narta lagoon meteorological conditions and the effect of drainage basin determine 
water shortage. The pH in the Narta Lagoon water depends on the concentration of 
bicarbonate and carbonate ions and dissolvent carbonic gas. In general, pH in this lagoon 
during July 2001 has risen from 7.5 to 8.4. Other physical-chemical characteristics of the 
Narta Lagoon: Nitrites (NO 2 -N), nitrates (NO 3 -N) etc are presented in the tab. 2. 

Vlora Bay covers an important part of the southeastern coastline of the Otranto 
Strait. This Bay has a length of 36 km and 10 km width (Fig. 7). The maximal depth of 
this bay is 57 m. The coastline of Vlora Bay-Vjosa River Mouth area has continuously 
modified its configuration by sedimentation of alluvium transported by Vjosa River water 
and the swell of the Adriatic Sea. The coastal area is characterized by prevalence of 
winds blowing from the NW direction with a maximal speed 35-45 m/sec. The tidal 
range in this part of Adriatic Sea is low, reaching a maximum of 30-50 cm. The wave 
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action is characterized by calm in 35% of the cases, by wave with a higher of less than 
0.5 m in 20% of cases and waves higher than 2.00 m in 3% of cases. 

The general evolution map of coastline during the period 1870-2001 is presented 

in fig. 7. Sediment contribution, coastline configuration from 1870 to 2001 years, coastal 
sedimentation, erosion and accumulation processes, sediment transport, etc are presented 
in this map (Photo 4, 5). Many coastal transformations have taken place due to 
modifications caused by the river mouth migration, with the abandonment of old 
channels following a decreased discharge or creation of the new river mouths (Pano N. 
1994). 



Fig. 7. Paleogeographic evolution of the Vlora Bay from End of Pliocene Age (a) up to 

Present days (B) (According to the Geological and Hydrogeological Map of 
Albania, at scale 1: 200 000, 1985, 1985). 

Vjosa River Mouth has changed its position in the last century two times and these 
replacements have covered an area of the littoral about 10 km long in the northern 
direction. 

The outlet of Vjosa River was shifted from position “A”- the old mouth to 
position “B”- the new mouth. The old mouth of this river is undergoing on important 
erosion process under the wave action. So there are important sources of coastal 
sediments in the coastline of Vlora Bay- Vjosa River Mouth area: First, the present Vjosa 
River Mouth and, and second the old Vjosa River Mouth. 

The total Vjosa River sediment discharge in the Adriatic Sea is W T =7.5xl0 6 
tons/year. About 20% of total sediment load equivalent to Wf=5.6x10 6 tons are the 
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bottom-load, and about 80% equivalent to Wp=1.9xl0 6 tons are the sediment load. This 
river discharge is the main source of coastal sediments in Vlora Bay (Pano N., 1984). 

The dynamics of solid deposits along the coastal zone and the accumulation 
intensity of sand are closely tied up with the warning process and particularly with the 
maximum wave effect. 

The southward shift of the Vjosa River mouth during the XX century has created 
serious erosion problems in the northern coast of the Narta lagoon. The sediments input 
to the old delta ceased, the latter has almost been completely eroded and the sediment 
was removed to create a spit, which formed an accumulative zone in the southern part of 
the Vjosa River old mouth. This spit tends to vide of the littoral cordon of the Narta 
Lagoon in the west direction. 

In Pasha Liman- Vjosa River Mouth coastal area, the corridor connecting Sazani 
Island in the West and Treport Hills in the East represents the line of zero sediment 
transport. In these conditions, the Vlora bay is an independent and separate 
geomorphological area, where coastal erosion processes dominate (Kedhi M. 1987). 


3.2. Geological Setting and Quaternary Evolution 

Geology, its dynamics, structure of hydric system, and climate have conditioned 
the morphology of the most beautiful Ecosystem, Vlora Bay and Narta Lagoon- Vjosa 
River Mouth, in the Adriatic Coast (Fig. 7-b, Photo 4). 

Continental Area. Upper Cretaceous Limestone Mountain of the Karaburuni 
Peninsula, with 800-1600 m height encircles Vlora Bay at the southwestern side. In the 
South and eastern direction Vlora Bay is encircled by Mesozoic carbonate formation of 
the mountains: Llogara Col (1050 m), Qika Mountain (2045 m) and Lungara Mountain. 
Upper Miocene and Pliocene molasses and quaternary deposits fill Dukati Valley at the 
south side of the bay. In the north, the mountain chain is continued with Shashica hills. 
There lies the Aquitanian flyschoidal formation and Pliocene molasses of the Helmesi 
and Rogozhina suite of Panaja Hills (Geological Map of Albania, at scale 1:200 000 , 
1984, Hydrological Map of Albania at scale 1:200 000, 1985). 

Coastal Area. Limestone coast of the Adriatic Sea in Vlora Bay is generally 
abrupt. At the northwestern direction of the Vlora City, there is a coastline of the 
Albanian Adriatic Shelf. Narta lagoon was formed in a sea bay, which is closed by solid 
sediments transported by Vjosa River to the sea. The neotectonic phenomena also 
characterize the lagoon area. At southwestern direction, the Tortonian molasses Zverneci 
hills chain from the isle separated Narta lagoon from the Adriatic Sea. Very interesting 
textures have been formed in this formation. Different sedimentological kinds and forms 
have represented these textures, with a scientific and didactic importance. There are 
observed many concretions and stamps. Geological section is extended from the beach to 
the northern direction and by erosion abrupt slope has been formed rising over the 
seaside. These characteristics make Zverneci a rare geo-monument, with great 
international scientific, didactic, and tourist interest. These values and the beach beauty 
make Zverneci area very attractive (Photo 6). 

Around the Narta lagoonside the lagoon Quaternary deposits (Q4 1 ) are extended. 
These deposits are represented by sky-blue-gray color silt, with silstone interbeds of gray 
color. Thickness of these deposits varies from 0.5-1 m up to 20-30 m. Lagoon deposits 


10 



801 


have covered marine Quaternary deposits (Q4 111 ). Marine deposits are represented by 
arkose sand, with green silty clay and gray silstone interbeds. Marine deposits are 
represented in the form of sand beach and dune belts. Quaternary deposit thickness is 
more than 100 m. At Alihan village airport area, 4 km north of Narta lagoon, lagoon and 
marine deposits have a resistitity of 0.37-086 Ohmm, up to the depth of 30.6 m. Under 
this depth, marine Quaternary sisltone sediments have a resistitity of 18 Ohmm. At Poro 
village, 8 km north of Narta Lagoon, according to the electrical sounding results, up to 
the depth of 14 m deposits with a resistivity of 6.4-21.9 Ohmm are extended, which are 
represented by clay and silstone. Under these deposits, a layer with a resistivity of 2 
Ohmm, and thickness 31 m is extended. Very low values of the resistivity shows that this 
layer is presented by sand saturated by saline water. The same phenomenon was observed 
by electrical soundings at Pisha village area, at the northern side of Vjosa River. But here, 
deeper than 25 m, a saturated by saline water sand layer is extended (Frasheri A., 1962, 
Kapllani L. et al. 1995, 1996). 

Marine deposits, filling the coastal plain of Orikum, are in the south side of Vlora 

Bay. 

Vjosa River flows through Periadriatic Depression. In plain area, the valley is 
wide and many meanders are formed by river. Through the Quaternary deposits (Q4) 
Vjosa flows from Panaja to the Adriatic Sea. Clay, silstone, sand, and gravel or clastic 
materials in some areas compose these deposits (Frasheri et A., 1996). At Panaja area, 
Quaternary valley deposits are extended up to 4 km. 

Marine Area. Offshore Later Quaternary Marine deposits (Q 4 m ) in the marine 
area of Vlora Bay according to the electrical marine soundings and shallow boreholes, are 
190 m thick (Fig. 8). At the western direction of the Zvemeci Hills, these deposits are 
covered the Tortonian molasses. 

Configuration the Vlora Bay has started to form from the Pliocene age, when the 
molasses of the Panaja Hills have been outcropped at surface (Fig. 7-a). Actually, Later 
Quaternary Marine deposits (Q4 111 ) are created the present Vlora Bay (Fig. 7-b). 



Fig. 8. The offshore floor configuration of the Quaternary Marine deposits in Vlora Bay, 
according to the marine electrical soundings data 
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Agricultural soils. Different kinds of agricultural soils are extended in the area 
(Cara K. et al. 1996, Cara K. et al. 2000, Gjoka F. et al. 2000, Pedological Map of 
Albania, Zdruli P. et al. 1995). Their thickness is over 1 m. In the lower parts of these 
soils, the subargille thin interbeds have been observed. Agricultural soils have covered 
the lagoon deposits. According to the electrical soundings and pedological studies, 
agricultural lands at the north of the Narta lagoon are saline soils. Considerable soluble 
mineral salt quantity, in particularity natrium, contents the upper soil layers, and the 
lower ones, too. Salt content varies from 0.3%-3 %, and in some cases up to 15%. 
Alluvium soils, which are extended near the riversides are represented by coarse alluvium 
(sand, clayed sand, and silty clay) and are poor of aliment matters. Heavier and richer 
with aliment matters are the soils, which are located farther from the riversides. 

3.3. Biology, physicochemical parameters and anthropogenic impacts of the Narta 
lagoon 


Narta Lagoon is considered as one of the most important wetland areas of Albania 
for its biodiversity and the number of habitants. Narta natural ecosystem is an important 
part of natural potential of Europe and a complex of international importance. Birds are 
the most important group of all with 182 winter inventories that register an average a 
number of 18700 waterflows. The area fulfils the criteria of Ramsar Convention (Bino T., 
2000). The Narta lagoon is characterized as a Geo-monument of international importance 
(Seriani A. 1991, 1999) and as a Special Protected Area for birds. 

Neither the analyses of the physicochemical characteristics that took place during 
the present study nor the benthos, that predictably consisted of taxa tolerant to organic 
pollution since the substrate is silty, did directly detect any important problems of 
pollution. The soil industry is extracting water from the lagoon without a preliminary 
study. In the surrounding area of the lagoon, oil is drilled and gas is extracted from deep 
wells. But intensive agricultural and industrial activities, as well as the development of 
tourism, without being based on a management plan, may provoke serious problems to 
the lake in the future. The most important danger that the lagoon confronts is the 
imminent isolation from the sea. In the Narta Lagoon are observed intensive solid 
deposits of the Vjosa River on the coastal area tending to stop the active water exchange 
between the lagoon and the sea resulting in lack of fresh water in the lagoon. Dirty 
untreated urban water flow also exists in the lagoon. 

The same anthropogenic impact is observed in the Vlora bay: flow of the dirty 
untreated urban and industrial water in the sea, exploitation of the sand and gravel from 
beaches for constructive materials, deposition of the solid industrial waters (Cu, mercury, 
clay etc) in the onshore and offshore coastline. 

Biodiversity of the Narta Lagoon area: 

Birds: Pelecanus crispus, Platalea leucorodia, Phoenicopterus ruber roseus, Anas 
penelope, Anas crecca, Bucephala clangula, Oxyura leucocephala, Haliaeetus albicilla, 
Aquila clanga, Falco naumanni, Recurvirostra avosetta, Laras genei, Sterna albifrons, 
Steptopoelia turtur, Strix aluco (Bino T. 2001). 

Fish: Mugilidae, Maronidae, Sparidale, Atherinidae, Anguillidae, 

Cyprinodontidae+Poecilidae, Sparidae (Rakaj N. 2001). 
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Amphibia: Triturus criststus, Triturus vulgaris, Mombina variegata, Bufo bufo, Hyla 
arborea, Bufo viridis, Rana dalmatina, Rana balcanica. 

Reptiles: Emys orbicularis, Mauremus caspica, Testudo caretta, Caretta caretta, 
Hemidactylus turcicus, Lecerta trilineata, Lacerta muralis, Coluber jugularis, Elaphe 
loghissima, Malpolon monspensulanum, Natrix natrix, Natrix tesellata, Vipera 
ammodytes. 

3.4 Biology , Hydromorphology , Habitat Survey of the Vjose river and 
Environmental impacts. 

According to the sampling results of the Aoos- Vjose river benthic fauna, the latter 
was diverse and included many sensitive to organic pollution taxa, except from two sites 
during the high flow season. First site is located near the river mouth, which were 
affected by oil and sand extraction in the area. Memaliaj coal mine waste and Gorisht- 
Kocul-Gernec oil reservoir and Selenica bitumen mine wastes in the Vjosa River 
catchment create pollution of soils, surface and underground waters. Unfortunately, this 
environmental human activity has caused the decrease of surface and impoverishment of 
the soils. Based on the biotic indices, the water quality appears to be excellent in all the 
sites except from these two last ones, which consist of poor fauna mainly due to the oil 
plants, therefore more effective technology in the extraction process is recommended. 
Aoos - Vjose river differs from all the rest of the studied rivers in the northern part of 
Greece which have never had such an excellent quality of water all the seasons long 
(Kamba et al, 2000; Lazaridou et al, 2000). 

Additionally, the physicochemical characteristics also confirmed this status. As to 
the collected fish fauna, it consists of seven freshwater species in the Greek part of the 
river and of 18 species in total, five of them common in the Hellenic and the Albanian 
part, including species of the family Acipenseridae, that are protected. The avifauna also 
consisted of many species, almost 200, three of them being in danger universally. 

As to the habitat quality of the Aoos- Vjose River, it was found that it is of the few 
least modified rivers in Europe. That is why the qualification score (structure of habitat) 
is very high in most of the studied sites. However, the relatively high modification score 
of the river habitat at certain parts is due to dams, quarrying (sand/gravel extraction) and 
water abstraction for irrigation purposes. Consequently, better planning or enforcement of 
the existing law for such activities is necessary to prevent serious degradation. 

Vjosa valley ecosystems, from the Albanian-Greek frontiers up to the river mouth 
at the Adriatic coastline, confront though many problems: erosion, pollution of the soil 
and waters, loss of the land and water habitats, fractures in the biodiversity, land 
fragmentation and progressive impoverishment, salinity etc. that have caused their 
degradation. This degradation has attained stability and productivity of agricultural 
ecosystems. 

Very intensive erosion in Vjosa catchment area provokes great quantity of solid 
material, which is transported by the river. This erosion is caused by many factors: 

Firstly, in Vjosa cathchment area high precipitation takes place. Vlora has in 
average 954.8-2405 mm/year precipitation. Soils and rocks have a great erodibility, and 
are without organic matter. Shallow and tilt agricultural soils are the result of this 
intensive erosion that is intensified by human activities: 
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a) Abusive deforestation during the last years, opening new agricultural lands and their 
intensive cultivation, destruction of the meadow and permanent pastures, and missing 
of the adequate land protection (Gjoka F. et al. 2000). 

b) Exploitation of the gravel and sand in the riverbed. 

Discharge of untreated urban waters from many dwelling centers into the river, 
and deposit of solid urban waste in the riverbed are caused great polution of hydric 
system. 

Biodiversity of the Vjosa-Aoos River: 

Amphibia: Salamandra salamandra, Triturus cristatus, Triturus vulgaris, Hyla arborea, 
Rana graeca, Rana lessonae, Rana balcanica, Rana dalmatina, Bufo bufo. 

Birds: Ardea cinerea, Neophron percnopterus, Gyps fulvus, Accipiter gentiles, Aquila 
chrysaeatos, Falco peregrinus, Bubo bubo, Dryocopus martius, Dendrocopos leucotos, 
Cinclus cinclus, Monticola saxatilis, Monticola solitarius, Paras lugubris, Sitta europaea, 
Sitta neumayer, Tichodroma muraria, Loxia curvirostra (Bino T., 2001). 

Fish: Acipenseridae, Salmonidae,, Clupeidae, Cyprinidae, Barbus, Barbus graceus, 
Chondrostoma nasus nasus, Pseudorasbora parva, Pachychilon pictum, Paraphoximus 
epiroticus, Leuciscus illyricus, Anguillidae (Rakaj N. et al. 1995, Rakaj N. 2001). 
Reptiles: Emys orbicularis, Mauremys caspica, Testudo hermanni, Caretta caretta, 
Hemidactylus turcicus, Lacerta trilineata, Lacerta viridis, Padarcis muralis, Coluber 
jugularis, Elaphe longissima, Malpolon monspensulanum, Natrix natrix, Natrix tesellata, 
Vipera ammodytes. 

4. The conflicts in the Albanian part of Vjosa River and some managerial 
propositions. 

• The rising building sector and quick uncontrolled industrial development, in Albania, is 
connected with gravel/sand extraction, which form an extremely difficult problem to 
solve. 

• The overthrow of trash into the river is inevitable because of the lack of an appropriate 
waste disposal management system while at the same time the river is used by the locals 
for recreational purposes and fishing. 

Therefore the need for rise the locals’ awareness on environmental issues through 
seminars, information centers etc. is recommended. Such a prospective could affect 
positively the already developed ecotourism and promote sustainable land uses and 
activities in the area. Better understanding of the natural processes, with the income 
compensation by the ecotourism, in combination with better planning and management of 
the area could lessen the conflicts and lead the region into sustainable economic 
development. 
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Tab. 2-1 

PHY SIC-LIMNIOLOGICAL PARAMETERS AT THE NARTA LAGOON 


No 

Sites 
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Hydrographical 
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Physic-chemical Parame 

Coordinates 

Depth 

H 

(in m) 

Level 

t 

°c 

PH 

0 2 

(mg/1) 

nbo 3 

1 

1 N 

13. 07. 2001 

44° 86 850 N 


Min. 

33.2 

8.2 

3.45 

6.75 




43° 68 160 E 

-0.30 

Mean 







12. 12. 2001 



Max. 




3.85 

2 

2 N 

13. 07. 2001 

44° 88 200 N 


Min. 

31.4 

8.0 

5.46 

2.15 




43° 67 710 E 

-0.40 
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12. 12. 2001 



Max. 




3.00 

3 

3 N 

13. 07. 2001 

44° 88 125 N 


Min. 

29.4 

8.0 

4.73 

0.85 




43° 64 890 E 

-0.35 

Mean 







12. 12. 2001 



Max. 




1.70 

4 

4 N 

13. 07. 2001 

44° 89 520 N 


Min. 

29.7 

7.8 

5.27 

0.75 




43° 65 110 E 

-0.45 
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12. 12. 2001 



Max. 




2.80 

5 

5 N 

13. 07. 2001 

44° 89 660 N 
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31.2 

7.6 

4.91 

0.55 




43° 67 470 E 

-0.60 

Mean 







12. 12. 2001 
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2.80 

6 

6 N 

13. 07. 2001 

44° 90 110 N 
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32.3 

7.5 
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0.38 
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9 
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13. 07. 2001 
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31.8 
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-0.35 
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12. 12. 2001 



Max. 




1.20 


18 


809 


19 



810 


OUTLOOK ON SEAWATERS DYNAMICS AND GEOLOGICAL SETTING 
FACTORS FOR THE ALBANIAN ADRIATIC COASTLINE DEVELOPMENTS 

Neki FRASHERI 1 , Niko PANO 2 , Alfred FRASHERI 3 , Salvatore BUSH ATI 2 , 

1 Faculty of Technology of Information, Polytechnic University of Tirana, Albania. 

E-mail: nfrasheri@yahoo.com 
2 Academy of Sciences of Albania. 

E-mail: evispano@hotmail.com 

3 Faculty of Geology and Mining, Polytechnic University of Tirana, Albania. 

E-mail: alfi@inima.al 

2 

Academy of Sciences of Albania. 

E-mail: sbushati@yahoo.com 


Abstract 

Results of integrated hydrographical studies and offshore and onshore geological- 
geophysical surveys in Albanian Adriatic Littoral are presented in this paper. 

According to the evaluation of the discharge regime in Albanian rivers system and its 
impact on the hydromorphology of Adriatic Sea, the river bed deformation, migration and 
new river mouths investigations, seismic and geoelectrical marine and onshore surveys, 
geological onshore mapping and underwater offshore sampling, boreholes and oil and gas 
depth wells, geodesic and bathymetric mapping have been classified the segments which have 
different geomorphology with in mainland and in marine area of Albanian Adriatic Shelf. 
Accumulative coastlines are extended at plain areas. Beautiful sandy beaches and dunes are 
main elements of these areas. Marine Quaternary deposits from plain sea floor up to some 
kilometers in the land have e thickness from some to hundred meters. Narta, Karavasta, 
Viluni, Patoku and Kune-Vaini Lagoons are located in plain area of the littoral. These lagoons 
are formed in some sea bays, which are closed by solid sediments transported by rivers to the 
sea. Erosive coastlines are extended in the hilly base of some capes. The hills are presented 
northwestern part of the Neogene’s anticlines. Sandstone banc are extended in the sea floor. 
Neotectonic development at the present has caused submergence of three sectors within the 
accumulative areas. 

1. Introduction 

The Albanian coastal area on the East of the South Adriatic and North Ionian has a 
length of 447 km long (Fig. 1). This area represents the Easter side of Otranto Strait. River 
mouths and deltas, lagoons system, abandoned riverbeds, marsh labyrinths, sandy beaches, 
dunes covered with vegetation, dense forests represent Albanian littoral. 

According to the studies conclusions results that geomorphologic classification of the 
Albanian coastal area consist of two principal major paleogeographic zones (Fig. 2, 3): 

1- Adriatic Coastline of Peri- Adriatic Depression in the central and northwestern part 
of Albania. There are three different segments: 

Accumulative segments, which represent main part of the coastline, 

Erosive segments, and 

Submerged littoral areas, where is observed marine ingression toward the mainland. 

The Adriatic coastline dynamics geomorphology is conditioned by geological setting 
of the western side of Albanides, by the neotectonic developments, by the dynamics of the 
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seawaters, solid material discharge from Albanian River network to the Adriatic Sea, and their 
deposition along the coastal zone. 

2- Erosion coastline of Ionian tectonic zone in the southwestern part of Albania 

2. Material and methods 

Marine and onshore-integrated surveys and studies for the investigation, monitoring 
and estimation of the physical characteristics of the Albanian coastal area have been 
performed during the period 1958-2005. 

2.1. Hydrological and hydrogeomorphological, were based on the information of the 
Albanian hydrometric network that consists more than 220 meteorological and hydrometric 
stations, during the observed period of 20-100 years data of Albanian Hydrometeorological 
Institute. There are also 8 coastal stations and 12 other stations installed in the flow of the 
most important Albanian rivers near the sea. 

2.1.1. Hydrological studies : Multi annual hydrometric observations on water levels, 
temperatures, water discharge into the Adriatic Sea, suspended material discharge; alluvial 
granulometric composition, water chemical composition etc. were performed in main 
Albanian rivers. Water potential and run-off discharge regime of the Albanian Mountainous 
River System have been evaluated by a specific way for two categories of river basins (Pano 
N. 1984, 1998): 

1) Drini, Mati, Ishmi, Semani , Vjosa River systems, etc., where the run-off discharge 
depends from the altitude of the water level river section. 

2) Scutary Lake-Drini River-Buna River water system, where the discharge of the 
Buna River, which flows away from the Scutary Lake (Q 2 ) to the sea, depends from the level 
of the water (H 2 ), and by the Drini River discharge in to the Buna River (Q 4 ): 

r 2 n 1 - 85 

Q 2 = J 0.025 • H 2 - -q\ (1) 

[ (0.0073 •//‘• 61413 ) 2 J 


The calculations have been performed for the models of dry and wet characteristic 
years. The evotranspiration potential have been calculated by different well-know methods. 

Several physical-chemical parameters have been measured: the water velocity and 
discharge of the rivers and from the lagoons to the Adriatic Sea and to the Ionian seas, and the 
chemical water content. 

2.1.2. Hydrogeomorphological studies were performed to evaluate the geomorphologic 
characteristics, the evolution and the migration of Albanian Adriatic coastline. 

The marine current analyses are based on examination of the filed surveys data and 
oceanological calculation. The oceanological calculations are realized by dynamic method. 
This method based on formula: 


u(z) - u(H) 


10AD 

2zuhsm.cc 


( 2 ) 


Where: u(z) - the current speed in the sea surface (z=0) 
u(H) - the current speed in the calculate surface 
AH - the difference of the dynamic altitude 
w - the vector of the speed 
L - distance from two hydrological stations 
a - geographical altitude 
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The wave refraction in the coastal area is analyses by wave refraction diagrams, by numerical 
methods solving of system of equations: 


d6_ 

dy 


C 


dC_ 

dx 


-ctgd 


dC 


^ = C -, g 0 

dy 


( 3 ) 


Where: 0{x, y) - is the angle between the x axis and the tangent of the wave rays at 
point M(x,y). 

C(x,y) - is the wave speed and the same point 
(x,y) - is the coordinates of the region. 

The geomorphological regime of the Adriatic Sea coastline, have been analyzes based on the 
examination of archival documentation (Topographic Map of Albania of Austro-Hungarian 
Institute, 1870, Military Geographic Institute, 1918 and 1938, Soviet Naval Institute, 1955, 
Albanian Military Topographic Institute, 1958, Land sat imagery of 1978, 2000, 2002 etc). 
Determination of littoral sediment transport and coastal sedimentation, the classification of 
erosion and accumulation processes under the wave refraction etc. are studied by analyzing of 
marine and onshore surveys data. 

2.1.3. Limnological observations on the Albanian lagoon system were performed in 
hydrometric stations and by periodical expeditions for study of the water physic-chemical 
characteristics, measuring the discharge in the water channels with the sea, sediment 
granulometrical analyses, and the evaporation of the lagoon water surfaces 

2.2. Oceanographic studies: Water levels, temperatures and chemical content ate., formation 
and circulation of the water mass, wave and wind regimes of the Adriatic and Ionian coastline 
have been study in the hydrometric station network since 1958. Two Albanian oceanographic 
expedition “Saranda-1963” and “Patos-1964”, and two joint Italian- Albanian expeditions 
“Italica I -2001” and “Italica 11-2002” were organized in the Southern Adriatic and Northern 
Ionian. 

2.3. Integrated geological-geophysical: onshore surveys of the Albanian littoral areas have 
begun since 1958. Offshore geological-geophysical surveys on the Albanian Adriatic shoal 
shelf have started from 1976 (Fig. 1, 2). Marine geological mapping has been performed using 
submarine surveys, shallow mapping boreholes and dredge’s sampling. Integrated offshore 
geophysical surveys have been carried out using reflection seismic of shoal littoral shelf, 
marine electrical soundings and profiling of apparent resistivity, marine magnetic recognition 
surveys and marine radiometric surveys. Offshore geological-geophysical surveys were 
performed in the shoal littoral shelf, with a width of 5-10 km parallel to the coastline. 
Electrical soundings have a depth of investigation is about 1000-1500 meters, and influence 
depth is up to 3000 meters. 

2.4. Climate change was analyzed by inversion of the ground surface temperature history, 
using the temperature record in the deep wells and shallow boreholes, and by the 
meteorological observations data. Have been study the climate change impact on the Adriatic 
Sea hydrology and on the erosion process in the Albanian River Network. 
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3. Regional hydrographic outlook on the Albanian Littoral 

The Albanian coastal area lies from Shengjini to Vlora bays and Northern Ionian Sea, 
from Vlora to Saranda bays at the south (Fig. 1,2). 



Fig. 1. Albanian Adriatic and Ionian Seas coastline area. 

1 . Albanian Sedimentary Basin; 2- Periadriatic Depression; 

3- Ionian tectonic zone; 4- Kruja (Gavrovo-Dalmatic- 
Montenegro) tectonic zone; 5- Apulia platform, Paksos zone. 
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Fig. 2. Geomorphological Scheme of Albanian Adriatic and Ionian Seas coastline. 

(Digital Terrain Model, National Geophysical Data Center (NGDC), Geodas database, 
2005. 

1- Accumulative coastline; 2- Erosion coastline; 3- Submerged littoral zone; 4- Shoal 
shelf area with sand deposits; 5- Flat shelf area with sandy-silt deposits; 6- Inclined 
shelf area with muddy silt and deposits; 7- Continental slope with argillaceous 
sediments; 8- Isobaths; 9- Western flank of the South Adriatic Sedimentary Basin. 


5 



815 


3.1. Adriatic coastline 

Adriatic coastline is lies over the Neogene Peri-Adriatic Depression, covered by 
Quaternary deposits, in western plain areas of Albania (Fig. 3, 4, 5). Flattened accumulative 
coast is general characteristic of this coastline. There are also some hilly marine caps with 
cliffed coast. The caps are located in the sectors where the Neogene structure of the Peri- 
Adriatic Depression are abrupt by coastline and continues in the Adriatic Sea, old river deltas 
or mouths and submarine coastal bar. 

Adriatic coastline is divided in different characteristics zones: 

1) Mouth of Buna River at the north to Rodoni Cap coastline. This unit has a length about 
60 km and consists for almost 90% of beaches fed by fluvial imputes. The remaining 10% is 
clifts. Four rivers outflow within this area: from north to south Buna, Drini, Mati and Ishmi 
rivers All together they discharge on average 796 m 3 /sec of water. The total solid load of the 
last three rivers is about 21,680x110 tons/year. Intensive change dynamics were observed in 
this area (Pano N. 1998). 

2) Rodoni Cap, Durresi Bay up to Shkumbin River mouth coastline. Cape Palles, Cape 
Selites, Lalezi Bay, Durresi Bay and Shkumbini River mouth are main sectors of this littoral 
area. Lalezi Bay has a length of coastal line of 32 km, and 65% consists of sandy beaches fed 
by the sediment load of Erzeni River. The remaining 35% consists of rocky cliffs. Durresi 
Bay has a length of 35 km from Palles Cap to the Selites Cap. Main part of the bay littoral, 
about the 54% of their length, by sandy beaches is presented. Frequently, with dune ridges, 
vegetate by pine trees, there are extended. Sediment inputs in to the bay are provided by DarQ 
River and from beach and cliff erosion. 

3) Shkumbin-Seman-Vjosa rivers mouths up to Zverneci hills coastline, is located in 
southern part of Central Albania, and have 40 km length. It expands in the western part of 
Ardenica and Divjaka hills (Photo 1). Karavasta Bay and Karavasta Lagoon are also part of 
this littoral area. From the geological viewpoint, this territory represents a new soil, 
constituted at the end of Pliocene and during Quaternary. The coastline in this region has a 
very intensive dynamics. 

4) Vlora Bay, is represented southeastern edge of Otranto Strait (Photo 2) (Fig. 6, 7). The 
Upper Cretaceous- Triassic limestone mountains are encircled southwestern and southeastern 
shores of the bay. In the north, the mountain chain is continued with Neogene’s deposits hills. 
Limestone coast of the Adriatic Sea in Vlora Bay is generally abrupt. At the northwestern 
direction of the Vlora City, there is a coastline of the Albanian Adriatic Shelf. Configuration 
the Vlora Bay has started to form from the Pliocene age, when the molasses of the Panaja 
Hills have been outcropped at surface (Fig. 6-b). Actually, Later Quaternary Marine deposits 
(Q 4 m ) are created the present Vlora Bay (Fig. 6-a). Offshore these deposits (Q/ 11 ), according to 
the marine electrical soundings and boreholes, have 190 m thick (Fig.7). 

Vlora Bay has a length of 36 km and 10 km width (Fig. 8). The maximal depth of this 
bay is 57 m. The coastline of Vlora Bay-Vjosa River Mouth area has continuously modified 
its configuration by sedimentation of alluvium transported by Vjosa River water and the swell 
of the Adriatic Sea. The coastal area is characterized by prevalence of winds blowing from the 
NW direction with a maximal speed 35-45 m/sec. The tidal range in this part of Adriatic Sea 
is low, reaching a maximum of 30-50 cm. The wave action is characterized by calm in 35% of 
the cases, by wave with a higher of less than 0.5 m in 20% of cases and waves higher than 
2.00 m in 3% of cases. 
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Fig. 3. General Geomorphological Evolution view of the Vjosa River Mouth- Mati River 

Mouth in the Albanian Adriatic Littoral. (Geologic Map of Albania, at scale 
1:200.000, 1983, the neotectonics active reverse faults & thrusts after Aliai Sh. et al. 
2000 ). 

1- Alluvium Quaternary Deposits; 2- Marine Quaternary deposits; 3- Boggy 
Quaternary Deposits; 4- Pliocene Rogozhina conglomerate suite; 5- Pliocene Helmesi 
suite; 6- Neotectonics active reverse fault & thrust; 7- Coastal erosion; 8- 
Accumulative area; 9- Submerged littoral area; 10- Marine Electrical Sounding center. 
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Fig. 4. Geomorphological Evolution view of the Drini Bay-Durresi Bay coastline in 

the Albanian Adriatic Littoral after satellite images of the period summer 1977 & 2002 
(Global Land Cover Facility Landsat, 2005; the neotectonics active reverse faults & 
thrusts (after Aliaj Sh. et al. 2000). 

1- Active reverse fault & thrust; 2- Dextral strike-slip; 3- Sinistral strike-slip; 4- Old 
Mati River bed; 5- Wetlands; 6- Erosion and marine ingression; 7- Lagoon extension; 
8- Coastal deposition; 9- Lagoon surface diminishing. 
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Fig. 5. Geomorphologic view of Shkumbini River- Yjosa River mouths coastline after satellite 
images of the period August 1981 & July 1989 & October 2001 (Global Land Cover 
Facility Landsat, 2005; the neo tectonics active reverse faults & thrusts (after Aliaj Sh. 
et al. 2000). 

1- Active reverse fault & thrust; 2- Dextral strike-slip; 3- Sinistral strike-slip; 4- Old 
Shkumbini River bed; 5- Coastal deposition with predecessor erosion; 6- Coastal 
deposition; 7- Coastal erosion; 8- Submerged littoral area. 
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3.2. Ionian coastline 

5. Karaburun to Saranda Bay coastline represents Albanian Riviera (Fig. 1, 2). 
Mostly erosive coastline is lies along 112km of Lower-Upper Jurassic and Upper Cretaceous 
limestone, and Oligocene flysch formation piedmonts. There are predominating emerged 
coast and estuary coast in some sectors of streams. High mountains rise up to 2045 m, 
immerged coast and very clear marine blue water are presented a very beautiful area. Cliffed 
coast by outcropped limestone layers are characterized western side of the caps. In the 
beautiful along the some sectors of the coastline are lies, mostly Quaternary proluvial, gravel 
beaches. 

6. Butrinti Bay: An accumulative coastline from Butrinti Lagoon channel to the Pavle 
River mouth represents southern edge of the Albanian Ionian littoral. It is western edge of the 
Vrina field, where flow Pavle River that has a 6.51 m /sec averagely water yearly discharge to 
the Ionian Sea. 

3.3. Outlook on Albanian Littoral hydrology 

The water flow of the hydrographic network of the Albanian rivers to the seas varies 
in wide limits. The discharge of the Albanian rivers into the Mediterranean Basin varies in 
very wide limits, from Q o =700-850 m /s for the hydrological years of a lower precipitation to 
Q o =1850 2150 m 3 /s for the years of a higher precipitation. The volume of suspended material, 
which is transported through river network, is 65,7. 10 4 * 6 ton/year, while the turbidity Q 0 =l 260 
g/m 3 (PanoN. 1984). 

The river suspended matter deposits itself the river mouth in the Adriatic Sea. This 
process is very dynamic, making the Albanian river’s mouths very active. Many changes of 
the riverbeds position formation of the coastal lagoon, etc. are observed time after time in 
these mouths. The wind regimes, wave refraction, sea currents, littoral sediment transport, 
have determined the general dynamics of the change of the Albanian coastline (Pano N. 
1994). The period with the wave height of Hi=(0,l-0,2)m represents about 80% of the general 
cases, while the height of H=(0.2-4.5)m about 20% of them for the average multi annual year. 
The highest waves have a direction from Northwest to West and a maximum wave height 
about h=3.5-4.5 meters near shore (Pano N. et al. 1974, Mefe B. 1978). Sea level has an 
average daily amplitude 0,30-0,40 meters and a multi annual maximal amplitude h=l,14-l,53 
meters. 

The winds in the Adriatic Sea change their direction and speed during a year period as 
a result of the typical Mediterranean climate. Intensive winds with their maximal speed of 40 
- 45m/s particular of NW, W and SW direction were observed in the coastal area. Winds with 
varying speed form 10 to 20 m/s, have a bigger frequency on waving process. The average 
annual temperature of the water varies from t=17,7°C in Shengjini to 19,2°C in Saranda bays 
(Albanian Climate (Tables), 1978, Mici A. etc. 1975). 

4. Geological settings of the Albanides littoral 

The Albanides represents the assemblage of the geological structures in the territory of 
Albania form the southern branch of the Mediterranean Alpine Belt. The Albanides are 
formed by two major palaeogeographic domains: the Internal Albanides in the eastern part 
and the External Albanides in the western part of Albania. The Internal Albanides are 
characterized by the presence of the i mm ense and intensively tectonised ophiolitic belt. The 
External Albanides developed on the western passive margin and continental shelf of the 
Adriatic plate (Fig. 1). 

Albanian Adriatic Littoral area is located in Albanian Sedimentary Basin, which 
extends widely into the Adriatic Sea (Fig. 1, 3) (Aliaj Sh. 1989, Frasheri A. 1991, Leci V. et 
al. 1986, Papa A. 1985). Towards the East, in the mainland, Albanian sedimentary basin is 
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superposed to the western board of Albanides orogen. In Adriatic shelf, this basin is 
superposed to the Pliocene-Quaternary platform, which has a basin facies. Albanian 
sedimentary basin represents a foredeep depression filled with Miocene and Pliocene 
molasses, and covered by Quaternary deposits (Geological Map of Albanian, 1984). 
Sandstone-clay Serravalian (Ni 2s ) deposits transgressively overlies older layers. Tortonian and 
Messinian sections are represented by sandstone and clay. Pliocene deposits consist of clay 
and sandstone conglomerate. 

Quaternary deposits (Q) at Albanian Adriatic littoral are represented by different genetic 
types: -clay-silt-sand of marine deposits, which have a thickness which ranges up to 200 
meters in the Albanian Adriatic littoral areas. Marine Quaternary suite is composed by gray- 
yellow silty-clay, clay and quartzose fine-coarse sand, and in any case with heterogeneous 
dispersed small granule. The Albanian Adriatic coastline has many beautiful sandy beaches. 
These beaches have different geomorphology, depend on the geology and tectonics of the 
area. There are located also lagoons and coastal marsh deposits, and alluvial deposits. 

Sea-floor geomorphology, the distance from shores, the marine currents, the wave 
process, the shore lithology and geomorphology, the erosion and accumulation processes, 
have determined the distribution of the Adriatic Sea floor Quaternary sediments: 

In Adriatic Sea Shelf are located some molasses Neogene asymmetric anticlines. The 
Neogene geological structures of the Peri-Adriatic Depression continued from mainland to the 
Albanian Adriatic shelf for 5-10 km. 

Evolution of Albanian Adriatic coastline has a very intensive dynamics. There is 
observed old and present shoreline migration up to 5-10 m/year, during the period from 1918 
up to 1998. According to submarine geological mapping and geoelectrical survey data, has 
been determined that marine deep erosion is developed in accumulation littoral of Adriatic 
shoal. The sandstone banks have been mapped in western submarine anticline limbs. 

The Ionian Sea littoral is represented western edge of the Cika anticline belt in Ionian 
tectonic zone (Io). This zone occurs the southwestern part of Albania and developed in a deep 
pelagic environment the Upper Triassic. The Permian-Triassic evaporites are the oldest rocks 
in this zone. Overlying are thick deposits formed by Upper Triassic-lower Jurassic dolomitic 
limestone and Jurassic-Cretaceous-Palaeogene pelagic cherty limestone. The limestones are 
overlain by Palaeogenic flysch, an Aquitanian flyschoidal formation and a thin section of 
Burdigalian-Langhian. Structures are fractured by longitudinal tectonic faults on their western 
flanks, with thrusting of 5-10 km horizontal displacement. 

Paleomagnetic studies have demonstrated that assemblage of the Albanides margin 
has supported a clockwise rotation with amplitude about 45°, after upper Oligocene. Shkoder- 
Peje transversal is represented a transition zone between the clockwise rotation of the 
Albanides and Hellenides and counterclockwise of the Dinarides. Horizontal displacement is 
about 173 km in southern Albania, for the rotation pole located at Shkoder-Peje transversal. 
This palaeorotation have important influence on Adriatic Sea morphology. 

Geomorphological processes have determined the sea floor topography. Consequently, 
bathymetric configuration of Albanian Adriatic coastline is similar to the geomorphological 
configuration. 

5. Analyze and results 

5.1. Albanian Adriatic Sea Littoral and Quaternary Evolution 

Adriatic coastal line from southern city Vlora up to Shengjini Bay, in the north, have 
the marine accumulation flattened littoral, the marine erosion coast, and the submerged areas, 
where is observed marine insgression toward the mainland. In some areas there is cliffed 
coastline. 
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5.1.1 .Accumulative areas represents main part of the coastline 

Accumulative areas of the Albanian Adriatic Sea Littoral are extended over the edge 
of western Albanian plains (Photo 1). This littoral is characterized by presence of the different 
Quaternary (Q) deposits genetic types (Frasheri A. 1961, Frasheri A.et al 1991, Leci V. et al. 
1986, Ostrosi 1977): 

Marine Quaternary littoral deposits, presented by fine, medium, and coarse gray — 
white, gray-yellow sand, silty clay and mud interbeds present marine Quaternary littoral 
deposits. Interbeds thickness varies from 1-10-15 meters. Present days micro and macrofauna 
of seawaters comes across everywhere (Photo 3). 

Very beautiful sandy beaches are extended in Drini, Lalezi, and Durresi bays, Divjaka, 
Semani and Vjosa River mouths and at the Vlora Bay (Photo 4, 5). Present time shore sand 
knolls have a length up to 4-5 km, width 35-80 m and some meters highs. At the northern 
bays, the coarse sand is predominated. Toward the southern part of Adriatic coastal line, fine 
and medium sand are predominated. This sand belt are composed by two or three parallel 
onshore dunes: the first dune is extended directly at the water line, the second at the distance 
90-100 m and the third dune 150-200 m. There are concentrated placers of heavy rare and 
precious minerals (Photo 6). Placers lens have a western dipping with an angle about 5-10°. 
According to the integrated marine geological-geophysical surveys, in the shore shoal zone, 
which represents a flat depression up to -50m depths, the Pleistocene up to actually 
Quaternary sand and sandy silt sediments were distributed, under the waves process and 
marine currents (Fig. 2) (Leci V. et al. 1986, Papa A. 1985). Towards the flat shelf depression, 
up to -100m depths, the sandy-silt sediments are representative. In inclined shelf area, up to - 
200 m depths where are also some submarine hillocks, the muddy silt deposits are distributed. 
Continental slope by argillaceous sediments is characterized. Lithological changes from the 
shore to the continental slope area are gradually. There are observed some peculiarities, of 
river solid load distribution in shelf area, conditioned by marine currents. Typical is “Black 
sand” zone that is located about 40 km from shore, at the sea depth about 100m. The actually 
sand sediments have formed a low submarine hillock, where has been old Shkumbini River 
Mouth (Papa A. 1985). Up to continental slope at the west of the Albanian Adriatic Shelf 
zone, were observed sand load, which have been transported by marine currents (Pigorini B., 
1969). Epidote and other heavy minerals have contented in this load, which are demonstrated 
that have an origin from ophiolitic Albanides Belt. 

The maximal thickness of the Marine Quaternary deposits is observed at the central 
part of the marine bays, according to the marine electrical soundings and mapping boreholes 
data (Frasheri A. 1987, Leci V. et al. 1986). In the fig. 6 is presented the thickness map of the 
Quaternary marine deposits in the Durresi Bay. The maximal thickness is 48m at the central 
zone of the bay, about 6 km south of the Durresi city. Toward the sea depth, the thickness is 
increased by a gradient 4.5-12 m/ km . In the fig. 9 is presented the thickness map of the 
Quaternary marine deposits in the Vlora Bay, at the western of the Zvemeci area, about 2.4 
km from the coastline. In this sector, the Quaternary thickness varies from 65-180 m (Fig. 7). 
At the marine electrical sounding centers and the deep wells Seman-1 and Seman-3 in 
mainland of the Semani area shelf, the thickness varies 50m up to 200m. 

Buried sand knolls are situated along littoral belt at the mainland. Sandy littoral belt 
along the accumulative littoral have a width up to 5 km (Photo 7). Sand dunes belts have a 
length of 25 km. Dunes have a length 2-5-6 km and an average width more of 50-100 m. 

Generally, the granulometry of quartzite sand deposits represented by very fine up to 
medium sand. Thickness of the sand dunes is some meters (2-10 m). Under the sand, the silty- 
clay or clay layers are located, with a thickness some meters. In many sections, the fine, 
polymictic, gray sand lays under the clay, which have a thickness more than 10 meters. Loose 
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sand in the coastal line and clay mud is layered far from coastline lagoons and coastal marsh 
deposits. These deposits are presented by thin alteration of compact clays, silt-clays and silt 
beds, with vegetable debris and blue-gray fine organic mater, and saline water macrofauna. 
These entire Holocene marine deposits layers lies horizontally or with small western dip 
angle, 7-8° (Photo 6). Alluvial deposits and clayey earth are layered far from the coastline. 

Filling process is intensive, generally, in river mouths. 

In these accumulative coastline areas there are some relatively small erosion sectors, 
which are located at the Mati, Erzeni, Shkumbini, Ishmi and Vjosa river mouths. Typical is 
shore erosion that developed by DarQ River flow in Golemi-Karpen beach sector in the 
Durresi Bay, with an erosion rate of 0.5 m/year. 

In the shoal shelf zone, at the alluvial sea floor are observed the sandy splits. Typical 
is a submarine bar, which has been formed by solid load discharged by Buna River in Drini 
Bay. This split is extended up to Drini River Mouth. 

5.1.2 .Erosive zones 

Marine deep erosion zones were developed over some sectors in accumulation littoral 
of Adriatic shoal. These zones are located in the uplifted side of the active reverse fault & 
thrust (Fig. 3, 4, 5). 

The Rodoni, Palla, Selita and Zvemeci capes of the molasses bedrocks of the littoral 
anticlines of the Periadriatic Depressions have represented the erosion configurations of the 
Albanian Adriatic sea coastline. 

Rodoni Cape. Erosive area is located at the western and northern part of the Cape. Tortonian 
sandstone-clay banks have been mapped in Adriatic shelf over these sectors. 

Durresi-Palle Cape area is one most typical erosive segment of the Albanian Adriatic 
littoral. Durres-Kepi Palles coastline is extended along the western flank of the Miocene- 
Pliocene molasses anticline. Northern pericline and western fold flank are lies under the 
Adriatic Sea waters. The structure is asymmetric and eastern flank is tectonically abrupt. 
Anticline top is located under the seawater, about 1600 m at the west of the shoreline. 
Molasse deposits are covered by different kinds of the Quaternary loose deposits. Seashore is 
abrupt and the sandstone banks have been mapped in western submarine anticline limbs . The 
sea-floor sandy belt, of 2.5 km width, which lies parallel to the coastline in the shoal zone. 
According to the integrated marine geological-geoelectrical surveys there are observed, 
submarine Miocene -Pliocene bedrock banks (Photo 8, Fig. 10, 11 (Frasheri A. 1977, Leci V. 
et al. 1986, Papa A. 1985). 

Geodynamics of the coastline is demonstrated also by historical and old shoreline 
migration. At erosional Currila sector, northern of Durresi city was observed an ingression of 
the shore during post Alerodiane glacier period and later up to present coastline location. 
Marine geological surveys have observed gravel and coarse sands under 20 m thick a silty- 
clay layer, and 20 m sea depth, at 2 km from the shore. Gravel and sand transgressively have 
covered the Tortonian bedrocks (Leci V. et al. 1986, Papa A. 1985). These depositions are 
represented Pleistocene old shore. Generally, Durresi coastline has an ingression averagely of 
2 km during the Pleistocene. There are observed also some archeological objects covered by 
seawaters in Currila zone. 

Selita Cape, in the northern edge of the Kryevidhi Pliocene Hills. 

Zverneci hilly zone is located at northwestern direction of Vlora city (Fig. 2, 8). The 
old sand split from Vjosa River mouth to the northern edge of the Zvemeci Tortonian hills 
and these hilly chain separated Narta lagoon from the Adriatic Sea. The southward shift of the 
Vjosa River mouth during the XX century has created serious erosion problems in the 
northern coast of the Narta lagoon. The sediments input to the old delta ceased, the latter has 
almost been completely eroded and the sediment was removed to create a split, which formed 


13 



823 


an accumulative zone in the southern part of the Yjosa River old mouth (Fig. 8) (Thereska J. 
1981). 

In the Rodoni, Selite and Zvemeci caps of the shoal shelf zone, are observed the same 
sea floor morphology and sediments that in thje Durresi-Palla Cape zone, with many bedrocks 
submarine banks. 



Fig. 6. Paleogeographic evolution of the Vlora Bay from end of Pliocene Age (a) up to 
Present days (b). 



It 

Fig. 7 Thickness Map of Quaternary Deposits in Vlora Bay, at Zvemeci area, according to the 
Marine electrical soundings. 
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Fig. 8. General Evolution view of the Ylora Bay after satellite images of the period August 

1981-July 1989-October 2001 (Global Land Cover Facility Landsat, 2005; 
Neotectonics active reverse faults & thrusts (after Aliaj Sh. et al. 2000). 

1- Marine shoal with sand deposits; 2- Littoral with sand beaches; 3- Rocky coastline; 
4- Alluvium flow; 5- Marine current direction; 6- Accumulation area; 7- Erosion area; 
8- Southern edge of the sediment replacement; 9- Active reverse fault & thrust; 10- 
Sand; 11- Old Vjosa River bed; 12- Filling coastline; 13- Erosion coastline. 
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Fig. 9. Thickness Map of Quaternary Deposits in Durresi Bay, according to the marine 
electrical soundings. 

1- Boundary of distribution of sand-argillaceous sediments; 2- Contours of the 
Quaternary deposits thickness; 3- Marine mapping boreholes; 4- Marine electrical 
sounding centers. 
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Fig. 10. Correlative Schema of Apparetnt Resistivity according to the Marine Electrical 
Profiling, offshore erosive littoral at Durresi-Kepi Palles area. 
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Fig. 11. Geoelectrical Line, erosive littoral at Durres-Kepi Palles area. 

1- Geoelectrical boundary; 2- Tectonic fault according to the geoelectrical data; 3- 
Electrical sounding curve; 4- Apparent resistivity profile, according to the electrical 
profiling with array A500M20N, C— k»; 5- Digits in the line show the electrical 
resistivity values od the rocks; 6- Seismic reflector. 


5.1.3 .Submerged areas, where is observed marine transgression toward the mainland 

Semani beach at western Albanian region and Patoku beach in the southern side of the 
Shwngjini Bay represent submerged areas within accumulative coastline. Submerged process 
is caused by the neotectonics activity, consequently there are observed a marine transgression. 

Re-activation of the disjunctive tectonics at the littoral area Vjosa River mouth to mati 
River mouth is observed. In the littoral segment Seman beach - Karavasta Lagoon -Shkumbini 
River mouth, in the both flanks of the Semani asymmetric anticline structure the disjunctive 
tectonics, with small amplitudes of 200-400m, are reactivated. According to the neotectonics 
studies, an active reversed fault with western thrust direction, from Vjosa River Mouth to 
south of the Semani River Mouth, is laid in the mainland, parallel with the coast (Fig. 3) 
(Aliaj Sh. 1998, 2000, Aliaj Sh. et al. 2000). According to the marine electrical resistivity 
tomography, performed by marine electrical soundings, the morphology of the marine 
Quaternary loose deposits has a horizontal layering (Fig. 12) at the western side of the Semani 
beach. In south and east northern sides of the geoelectrical line is observed reversed fault 
impact. Consequently, the Semani sandy beach, which is located at western side of this fault, 
in the submerged process, is found, from 4 km of south of the Semani River Mouth up to 
Semani Beach area, in the about 10 km long segment (Fig. 3, 5). So many objects that 20-35 
years ago have been constructed in the mainland, at the present under the seawaters are found, 
ex. the Seman-3 deep oil and gas well basement (Photo 9). Semani-3 well has been drilled in 
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1969 in the mainland, 265m from the coastline. During the period 1969-1983 coast water line 
has a digression of 135 m toward the mainland, with a gradient 9.4 m/year. From 1983 up to 
2004 the ingression has amplitude 170 m, with a gradient 8.1 m/y. In this are, submerged 
process was started about 160 years ago. There are some small sectors, with a length about 
4km, where the marine waters for about 2.5-3 km in the mainland are seeped. 



Fig. 12. Marine Electrical Resistivity Tomography Line, Semani Adriatic Shelf. 


In fig. 5 can observed that submerged process is not developed in same time along all 
length of active reverse fault & thrust line. Toward the Yjosa River Mouth, is not observed 
such intensive submerged process that in the Semani Beach. 

Uplifted side of the reverse fault & thrust, at northeastern Semani River Mouth- 
Karavasta Lagoon and Shkumbini River Mouth, under the neotectonics uplift process is 
found. There are observed marine regression. 

Second submerged are at the Adriatic littoral is observed at the Patoku beach, between 
Ishmi River Mouth at the south and Mati River Mouth at the north (Fig. 3, 4). This area is 
located at northern direction of the Rodoni Cape. This submerged area has more complicated 
development. In 1972, the sand beach there has a width about 175m. In 1982, the width of the 
beach only 100m was. Actually, beach hotels and other buildings, under seawaters are found 
(Photo 10). Patoku beach area is located at submerged side of the active reversed fault with 
eastern thrust direction. This fault is located in lowered wall of the Neogene molasses of 
Rodoni monocline (Fig. 3). Uplifted side of the reverse fault & thrust, at southwestern 
direction is found, between the Ishmi River Mouth, southern of the Patoku beach, and Rodoni 
Hills. 

Small submerged area in the Porto Romano area is observed, too, which is located 
between Durresi City and Palla Cape. 
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In the submerged zone are observed integrated factors of the coastline evolution: 
neotectonic, erosion by marine currents and accumulation of the solid river discharge and 
eroded shore sediments. This factors complex has caused important changes on the coastline 
geomorphology, marine shoal and littoral landscape. Typical are Patoku and Semani area. 
Submergence in Patoku area has caused replacement of the Mati River Mouth towards the 
south, start from the 1978 year. From the 1982 year, the river solid discharge has started to 
form sand split, from the mouth up to 300 in southeast direction (Fig. 4). According to the 
satellite images of 2000 year, this bank has been with a length about 1400 m and has been 
emerged over the sea surface. In 2005, this sand slit has a length over 2 km and is covered by 
dense vegetation (Photo 11). 

5.1.4 .Lagoon area 

Lagoons have a total surface of about 150 km 2, while the volume over 350-million m 3 
water. Albanian lagoons represent crypto-depressions, with the floor under the level of the 
sea’s bottom. The lagoons represent the new lakes. Its creation started during Pliocene Period, 
some 4-5 million years ago, and its creation lasted during the Quaternary Era till our days. 
The neotectonic phenomena also characterize the lagoon area. 

Karavasta Lagoon, is the biggest and the most important lagoon system on the Albanian 
coastal area. It is located between the mouths of Shkumbini River (in the north) and Seman 
River (in the South). Lagoon has a surface of 43,3 km , with a maximal depth of 1.5m. It 
communicates with the Adriatic Sea through three short channels (Pano N. et al. 2004). They 
were created during the closing of old marine bays by sandy belts as results of the 
accumulation of solid discharge of Semani and Shkumbini Rivers. 

New split is formed in Karavasta Bay, which has formed Karavasta Godulla. 

Narta Lagoon, is situated in the northern part of the Vlora Bay, about 3 km from Vlora City. 
Narta Lagoon has a surface of 41.8 km 2 , the maximum depth 1.5 m and the average depth is 
0.7 m. (Photo 11) (Pano N. 1983). Lagoon was formed in a sea bay, which is closed by solid 
sediments transported by Vjosa River to the sea. Old Zvemeci split bar separated Narta 
lagoon and sea area. 

Butrinti Area is located at southwestern part of Albania. This area represents most beautiful 
part of Albanian Ionian Rivera (Photo 12). The ancient Butrinti City has been built in this 
area. A chain of hills separates Butrinti Lake from Ionian Sea (Photo 13). Shores around these 
hills represent rocky and abrupt lakeside. Lake has a tectonic origin. It represents water filled 
graben. 

5.2. Outlook on coastal evolution 

Adriatic coastline has an intensive changes and continuously modifying its shape 
(BoQ S. 1981, Pano N. 1994, Simeoni U. et al. 1997, Shuitsky Yu. D. 1999). 

There we are analysed three most representative areas: 

Drini Bay. Intensive change dynamics, Viluni Lagoon and Shengjini portal town 
characterized this littoral area. The decreased sediment load of the Drini River, caused by its 
diversion into the Buna, has triggered coastal recession between Shengjini and Tale, with 
greater intensity on the southern lobe of delta. Moving southwards, the coast becomes part of 
the sedimentary system of Mati River. The coastal area between Tale and Patok can be 
considered as having a positive sediment budget (Pano N. 1998). 

Karavasta Bay. The Seman and Shkumbini rivers are the main source of coastal sediments in 
Karavasta Bay. The average water discharge is 62 m 3 /s. The average annual water discharge 
of the Semani River (Q ) to the Adriatic Sea is 0.9m 3 /s; and the annual load sediment 

3-1 

discharges is R o =399kg/s, which has a correlation with the water discharges-Q o (in m s ) for 
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two main branches (Pano N. et al. 2003, 2004): 

R^O^OS.Qo 1 46 - for Osumi River, and 

1.69 

R =0,2 1 9. Q ; - for Devolli River 

The total sediment discharge by this river to the Adriatic sea is W T = 
15,7.1 Ortons/ year. About 19% of total sediment load is equivalent to W p =3,15.106 tons/year 
is carried bad load, and 81%, equivalent to W p =12,6. 10^ ton/year, is suspended sediments. 

The wave highest in the Seman River mouth observed along the coastline, have a deep-water 
direction from the NW and the W and a maximum wave height of 4.0 m seashore. The 
dominant winds are southeasterly, easterly, and northwesterly winds. Maximum waves 
converge towards northeastern zone of coastline. This coastline corresponds to an extensive 
delta coast (microtidale: 0,50 tidal range) with a large alluvial plain of Myzeqe. 

In ten last years, the coastline has advanced some hundred meters. Semani River 
mouth has changed in position in the last centuries six times and this displacements have 
covered on area of the littoral about 15-20 km long in a direction North-South; South-North 
during period 1870 to 1994 years. In these conditions in the coast area there are two important 
sources of coastal sediments: the actual rivers mouth and the olds rivers mouths (Fig. 13). The 
outlet of Semani River was shifted from position A and Ai, the old mouths, to the actual 
position B”, that is up date position. The old mouths of this river (coastal area A’ and coast 
A”) is undergoing on important submerged process under the neotectonics activity and 
erosion from the wave action. 

Vjosa River Mouth- Vlora Bay. The general evolution map of coastline in fig. 8 is presented 
(Pano N. 1994). Vjosa River Mouth has changed its position in the last century two times and 
these replacements have covered an area of the littoral about 10 km long in the northern 
direction. The old mouth of this river is undergoing on important erosion process under the 
wave action. There are two sources of coastal sediments: first, the present Vjosa River Mouth, 
and second the old Vjosa River Mouth. 

5.3. A correlation between geological setting Adriatic Albanian Shelf and sea hydrology 

Two Albanian Oceanographic Expedition “Saranda-1963” and “Patosi-1964”, have 
presented data, which have argument that the total discharge of the Albanian rivers system in 
the Adriatic and Ionian Seas have a minimal discharge is 700-800 m 3 /s during the 
hydrological dry years of low precipitation and maximal values 1900-2200 m /s during the 
hydrological wet years of high precipitation (Pano 1974, 1984, 1994). Buna River, together 
with Po River in Italy, is determinant in the water balance of the Adriatic Sea (Photo 14). 

Ground surface history after geothermal inversion and meteorological data were 
observed a climate worming for about 1°C during the first half of XX century. Thirty quart of 
this century has been characterized by a cooling for 0.6°C. Later, up to present a worming for 

1.2°C is observed (Frasheri A et al. 2004). The warming period in Albania is accompanied 
with changes of the rainfall regime, wind speed and wetness. There are observed a decreasing 
of the total year rainfall quantity, for about 200-400 mm. This warming is part of the global 
Earth warming during the second half of XX century. These climate changes have their 
impact on country water system, on and water resources, and in the erosion processes (Pano 
N. et al. 2004). Inland water resources change has its impact on the hydrographic regime of 
the Adriatic Sea (Frasheri A. and Pano N. 2003). 
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Fig. 13. The general map of the evaluation of the coastline from 1870 to 1994 in the Semani- 
Karavasta area (A and Al-old river mouths; B’-actual river mouths; A A’ A”- 
sources of coastal sediments; 1-marine currents; 2-wave processes; G-submersed 
area; K-accumulation area) 
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The oceanographically situation of the wet years 1963-1964 has been characterized by 
formation of “The Bridge” of low salt content and density, and higher temperatures of the 
seawaters in the Adriatic Sea. A higher surface water temperature in the Drini Bay is 
confirmed also by satellite observations, with a higher temperature of 3-4°C (Fig. 17) 
(Adriatic Sea Water Surface Temperature, restored from NOAA satellite data 19.08.2005). 

. The "Bridge”, includes surface water layer, and the Levant Intermediate Water 
(LIW) up to 600 m. depth. This phenomenon has a complex and an important influence on 
many dynamics aspects of the formation Adriatic Deep Water (ADW), and the monitoring 
mechanism of water into Otranto Street. 

This “Bridge” is correlated with the heat flow density anomaly at the sea bottom 
(Geothermal Atlas of Europe, 1992) (Fig. 18). The “Bridge” direction is corresponds also 
with the prolongation into Adriatic Sea Albanian Shelf of well-known Scutary-Pec regional 
tectonic transversal over the Albanides, which is outcropped in Albanian mainland, with a 
SW dextral strike-slip direction. 



Fig. 14. “The Bridge” of continental water in the Adriatic Sea. 

1. Adriatic Deep Water Mass; 2. Eastern Adriaric Superficial 
Water mass; 3. Intermediate Levantine Water mass; 4. 
Northern Adriatic Water mass. 
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Fig. 15. Vertical salinity section 1-1, Adriatic Sea, wet hydrographical year 1963. 
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Fig. 16. Vertical temperature section 1-1, Adriatic Sea, wet hydrographical year 1963. 
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Fig. 17. Adriatic Sea Surface Temperature, restored from NOAA satellite data 19.08.2005 
3:50 (GMT) NOAA 12 (Sputnik.SST, 1999 SMIS IKI RAN, Moscow, Russia). 



Fig. 18. Adriatic Heat Flow Density Anomaly (Geothermal Atlas of Europe, 1992). 
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6. Conclusions 

• Albanian littoral has two major units: accumulative Adriatic coastline and erosive 
Ionian seaside. 

• Albanian Adriatic coastline has an intensive change and continuously modifying its 
shape. 

• Submerged process, caused by neotectonic activity, is observed in some sectors within 
accumulative Adriatic coastline. 

• The climate at coastal plane region of Western of Albania has a warming of 0.6 K 
occurred, from last quarter of 19 th until present-day. These climate changes have their 
impact on country water system, on and water resources, on the erosion processes, and 
on the hydrographic regime of the Adriatic Sea. 

• The oceanographically situation in the Adriatic Sea is characterized by the formation 
of "The bridge" with continental water in the Adriatic Sea. "The bridge" is closely 
linked with the intensity of the Albanian rivers flow to the sea. 
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10. Pictures Album 



Photo 1. Albanian Adriatic Sea Littoral, Semani-Karavasta accumulative area. 



Photo 2. View of erosive Adriatic Coastline, Vlora Bay. 
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a) 



b) 

Photo 3. Velipoja accumulative sandy beach (a) and Buna River Mouth Split (b). 
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a) 

Photo 4. Accumulative sandy Adriatic Coastline, Durresi Beach. 



Photo 4. Accumulative sandy Adriatic Coastline, Golemi Beach, Durresi Bay. 
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Photo 5. Present day’s macro fauna in the solonchak Quaternary littoral deposits, Rrushkulli 
area. 




Photo 6. Heavy and rare minerals placer in sand dunes, Rrushkulli area. 
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b) 

Photo 7. Buried sand knolls, Rrushkulli (a) and Semani (b) areas. 
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Photo 8. Erosive Currila Coastline area, northern of Durresi city. 




a) 



b) 

Photo 9. View of submerged Semani beach area, 
a) Semani submerged coastline panorama; 
b) Semani deep well drilled onshore, actually the basement in Adriatic Sea waters 
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Photo 10. View of submerged Patoku Beach area. 



Photo 1 1 . View of the new sand split at the Patoku area. 
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Photo 12. View of Narta Lagoon in the erosive Adriatic Costline, Vlora area. 



Photo 13. View of erosive Ionian Coastline, Butrinti Lagoon area. 


36 





846 



Photo 14. Erosion Ionian Sea Coastline, Ksamil area at the Albanian Riviera. 



Photo 15. Solid discharge of the Mati River to the Adriatic Sea. 
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PARATHENIE 


Studimi Kontrolli dhe monitorimi i qendrueshmerise se shpateve dhe rreshqitjeve qe po 
paraqitet ne kete leksion eshte pergatitur mbi bazen e kreut te trete te librit “Gjeofizika 
inxhinierike dhe mjedisore”, botim i Akademise se Shkencave dhe i Fakultetit te Gjeologjise 
dhe Minierave, Tirane 2005, (ISBN 99943-763-5-7), i autorit Alfred Frasheri. 

Ky leksion ka pasqyruar edhe arritjet e reja te studimit dhe monitorimit te shpateve dhe 
rreshqitjeve gjate ketyre pese vjetet e fundit, si edhe problematiken e dukurise se 
rreshqitjeve intensive ne te gjithe territorin e Shqiperise ne dimrin e vitit 2010. 

Autori do te konsideroje se ka kryer detyren e vet nese ky liber do te jape ndihmesen e vet 
ne drejtim te studimit kompleks te qendrueshmerise se shpateve dhe te rreshqitjeve, si edhe 
te monitorimit te dinamikes se zhvillimit te rreshqitjeve me anen e metodave dhe 
teknologjive moderne bashkekohore, nga ana e instiucioneve te specalizuara, per te evituar 
humbjet njerezore dhe per te minimizuar humbjet e medha materiale. Por mbi te gjitha 
eshte e nevojshme qe ligjvenesit dhe administrata shteterore qendrore dhe lokale duhet te 
pergatisin legjislacionin perkates dhe te kerkojne zbatimin e ligjeve me rigorozitet per te 
evituar impaktin njerezor ne shkaktimin e prishjes se qendrueshmerise se shpateve dhe 
zhvillimin e rreshqitjeve. Eshte problem i ngutshem i dites qe te merren edhe masat e 
duhura per monitorimin e rreshqitjeve te njohura, per te minimizuar demtimet dhe evituar 
katastrofat. 

Leksioni do tu sherbeje edhe studenteve te fakulteteve inxhinierike, te cilet ne profesionin e 
tyre kane lidhje me dukurine e rreshqitjeve. 


Autori 
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1. QENDRUESHMERIA E SHPATEVE DHE DUKURIA GJEOLOGJIKE E 

RRESHQIT JEVE 


Shpatet jane sistem dinamik i gjeomjedisit. Dukuri te ndryshme vrojtohen ne sistemet e 
shpateve, te cilat lidhen me cvendosjen e masave te shpateve: 

Renie e gureve 

Renie e shkembinjve 

Reshqitje e deluvioneve 

Reshqitje e coperinave 

Rrjedhje e coperinave 

Copetimi i shkembinjve rrenjesore 

Reshqitje bllokore 

Reshqitje 

Fluksi reror nenujor 

Rreshqitjet jane nje dukuri e rrezikut gjeologjik, te cilat marrin jete njerezish dhe 
shkaktojne deme te medha ne te gjithe vendet e botes, kryesisht ne rajonet malore dhe 
bregdetare. 

Rreshqitjet nuk shfaqen papritur. Ne to zhvillohet nje process i i gjate i deformimeve te 
masivit shkembor, akumulim i sfrocimeve, ndryshime mineralogjike dhe glirimi i sforcimeve 
shoqerohet me levizjen e trupit te rreshqitjes, qe ndodh vetem ne fazen e fundit. Mundesia 
per ndonje levizje rreshqitjeje, si edhe shfaqje te ngjarjeve te tjera si ortekeve te gureve, 
rreshqitjeve te gureve dhe shembjes se tyre, jane lidhur drejtpresedrejti me kushtet 
mekanike dhe gjeologjike te shkembinjve dhe formacioneve. Faza katastrofike e ndonje 
ngjarje gjeologjike gjithmone paraprihet nga faza e pergatitjes se saj, e cila perfaqeson 
akumulimin e ndyshimeve te pakthyeshme ne brendesi te mjedisit gjeologjik. Karakteri dhe 
shkalla e ketyre ndryshimeve percaktohen nga klasa e ngjarjeve gjeologjike dhe permasat e 
tyre. Vegoria kryesore e kesaj faze pergatitore, ne rastin e ngjarjeve te rreshqitjes, eshte 
formimi i kushteve per glirimin e energjise se akumuluar paraprakisht. 

Humbja e qendrueshmerise mekanike, paraprihet nga faza e paqendrueshmerise lokale, e 
cila ne pajtueshmeri te plote me parimet sjellese te sistemeve te komplikuara mekanike ne 
mjediset me kushte te paqendrueshem, karakterizohet nga rritja e ndjejshmerise se masivit 
shkembor ndaj ndonje turbullimi te jashtem. 

Mekanika e pergatitjes dhe zhvillimit te ngjarjeve rreshqitese lidhen me shfaqjen e 
zhvendojeve te ndryshme ne pjeset e strukturuara te masivit shkembor, si edhe me 
formimin e zgjerimit te siperfaqes e “zgjimit” te sfrocimeve, pas te cilave shfaqet rrenia e 
gureve ose rreshqitja. Faza aktive e pergatitjes se procesit te ngjarjeve rreshqitese 
karakterizohet nga reduktimi i kohezionit te elementeve strukturale te masivit shkembor, si 
edhe gjithashtu nga rritja e levizshmerise te ketyre elementeve ne masiv, si nje teresi ose 
pergjate siperfaqes se dobesuar qe formohet. 
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Eksperienca e studimit te proceseve te shpateve tregon se ne fazen qe i paraprin zhvillimeve 
katas trofike te ngjarjve te shpatit, eshte e mundur te vrojtohen manifestimet mekanike te 
meposhtme: 

ndryshime te relievit (jo vetem zhytje dhe zhvendosje te dukshme te shkembinjve, por 
gjithashtu edhe tregues te tjere gjeomorfologjike), 

deformacione lineare ose kendore anomalisht te larta, nese do te krahasohet me 
luhatjet ditore (24 oreshe) dhe sezonale te ketyre deformimeve, 

Pergjithesisht, studimet e rreshqitjeve aktualisht orientohet drejt percaktimit te 
karakteristikave fizike-gjeologjike dhe vegorite e struktures se tyre. Detyrat kryesore jane: 

percaktimi i siperfaqes se rreshqitjes dhe i zonave te kontakteve, pergjate te cilave 
zhvillohet levizja e masave shkembore, 

percaktimi i formes, i permasave dhe gjendjes hapesinore te trupit rreshqites, 

percaktimi i prirjeve kryesore te kontaktit dhe linjave tektonike, pergjate te cilave 

zhvillohet levizja e masave shkembore, ne raport te drejtperdrejte me aktivitetet 

hidroteknike dhe te drejnazhit te ujerave sperfaqesore dhe nentokesore , 

kontroll i proceseve te deformimeve nepermjet matjeve sistematike ne pajtim me 

metodave te zhvilluara ne raport me parashikimin e rriskut te proceseve 

gjeodinamike. 

Opinion i perbashket lidhur me papritshmerise se ngjarjeve rreshqitese katastrofike bazohet 
ne faktin shpejtesite dhe amplitudat e vogla te proceseve deformuese zakonisht nuk lejojne 
regjistrimin e ngjarjeve anomale me anen e metodave tradicionale. 

Dinamiken e rreshqitjeve dhe te ndryshimeve ne qendrueshmerine e shpateve e percaktoje 
proceset gjeologjike dhe fizike. 


2. DUKURIA E RRESHQITJEVE NE SHQIPERI 

Shqiperia eshte vend malor dhe gjeologjia e Albanideve perfaqesohet nga struktura, litologjia 
e te cilave krijon kushte per paqendrueshmerine e shpateve dhe zhvillimin e rreshqitjeve 
(Fig. 1). Bazuar ne formacionet gjeologjike dhe masen e trupit rreshqites, mund te behet 
klasifikimi i me poshtem i rreshqitjeve ne Shqiperi: 

2 .Shpate te paqendrueshme dhe zhvillimi i rreshqitjeve intensive ne shkembinjte e 
tjetersuar dhe ne shtresat e mbuleses ne brigjet e liqeneve, kryesisht ne 
hidrocentraleve. 

Rreshqitje tipike te tilla eshte zhvilluar ne Ragam ne bregun e liqenit te Vaut te Dejes (Foto 

1, 2, 3, 4), si edhe eshte riaktiviazuar intensivisht rreshqitja e mirenjohur e Poraves ne 
bregun e liqenit te hidrocentralit (Foto 5, 6, 7 ) ne lumin Drin. 

2. Shpate te paqendrueshme dhe zhvillimi i rreshqitjeve intensive ne shkembinjte e 
formacionit flishor paleogjenik. 

Formacionet e paqendrueshme, si ato flishore etj. kane perhapje te madhe ne territorin e 
vendit ku jane vrojtuar shpate te paqendrueshem, prandaj shtrirja e ketyre dukurive nuk 
kufizohet ne nje lokalitet apo treve. Paqendrueshmeria e shpateve eshte potenciale ne 
shume zona te vendit, prandaj studimi i kesaj dukurie ka rendesi kombetare. Shembuj 
tipike te zhvillimit te rreshqitjeve jane ato ne fshatrat Guri i Zi ne Elbasan (Foto 8), Gjyras 
ne Maliq, ne Moglice te Oparit etj., te cilat kane arritur permasa dhe intensitete te tilla sa qe 
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kane shkaktuar shkaterrimin e ekosistemeve, me te gjitha pasojat e tyre, si edhe deme 
ekonomike shume te medha, etj. Rreshqitje e madhe ka qene edhe ajo ne tunelin e devijimit 
te Banjes ne Gramsh (Foto 9), etj. 

3 .Shpate te paqendrueshme dhe zhvillimi i rreshqitjeve intensive ne shkembinjte 
molasike te neogjenit. Tipike eshte rreshqitja e zhvilluar ne depozitimet molasike te 
pliocenit-mesinianit ne kodren e Durresit (Foto 10, 11,12), si edhe ajo ne shpatin e kodres 
se Fakultetit te Gjeologjise dhe te Minierave ne Tirane (Foto 13). 

4. Shpate te paqendrueshme dhe zhvillimi i rreshqitjeve intensive ne depozitimet e 
shkrifta kuaternare. 

5. Vidhisje ne shkembinjte e tjetersuar dhe te shkrifet te cilat zhvillohen kryesisht ne 
skarpatat e rrugeve, te traseve te kanaleve, te hekurrudhave, te shesheve te ndertimit. 
Vidhisje jane verejtur edhe ne zonat karstike, vecanerisht ne sektoret ku jane formuar 
zgavra te varrosura “pseudokarstike” ne mbulesen e shkrifet argjilore mbi shkembinj 
gelqerore ose halogjene karstike (Foto 14). Tipike jane edhe rrezimet e gureve dhe blloqeve 
shkembore nga faet e maleve ku ndodhen keshtjellat si ajo e Krujes (Foto 15), Lezhes, 
Gjirokastres, etj. 

Prandaj per te mbrojtur ekosistemet, per te realizuar ndertimin e veprave te sigurta dhe per 
te shmangur rrezikun gjeologjik ne veprat ekzistuese nga dukuria e rreshqitjes, problemi 
shtrohet per tu zgiidhur ne disa plane (Dhame L., 1974, Frasheri A. etj. 1996, 1997, 1998, 
1999, Bushati S. etj. 2008): 

1. Prognozimi i mundesise se zhvillimit te dukurise se rreshqitjes. Vrojtimet rekonjicionale 
komplekse gjeologo-gjeofizike, hidrologjike dhe shpim, mjedisore dhe biologjike per sqarimin 
e gjendjes se masiveve shkembore, te trupit te rreshqitjes dhe te demtimeve te ekosistemeve. 

2. Percaktimi i faktoreve me origjine gjeologjike-gjeofizike pranesiperfaqesore ne krijimin, 
aktivizimin dhe dinamiken e shkaterrimeve te ekosistemeve ne shpatet qe rreshqasin. 

3. Percaktimi i faktoreve te mundshem antropogjene ne aktivizimin dhe dinamiken e 
shkaterrimeve te ekosistemeve ose perkeqesimin e tyre. 

4. Evidentimi i rreshqitjeve qysh ne fazen fillestare te aktivizimit te rreshqitjes, kur ende nuk 
ka shfaqje te dukshme ne siperfaqen e tokes. 

5. Studimi i trupit te rreshqitjes, si edhe monitorimi i vazhdueshem i dinamikes se zhvillimit 
te rreshqitjes. 

6. Percaktimi i masave dhe i rrugeve per nderprerjen e mundeshme te shkaterrimeve te 
metejshme, si edhe per rikuperimin e ekosistemeve te shkaterruar. 


3. RRESHQIT JET DHE IMPAKTI I VEPRIMTARISE SE PAKONTROLLUAR NJEREZORE 
NE PAQENDRUESHMERINE E SHPATEVE NE SHQIPERI 

Dimri i vitit 2010, se bashku me rreshjet e shpeshta dhe te vazhdueshme, po shoqerohet 
edhe me dukurine e prishjes se qendrueshmerise se shpateve, zhvillimin e rreshqitjeve dhe 
shembjeve ne shume krahina dhe zona te Shqiperise. Keto zhvillime jane shoqeruar me nje 
shkalle te larte rreziqesh dhe demtimesh te shtepive, terreneve dhe objekteve te ndryshme, 
duke rrezikuar ne mase te madhe edhe jeten e njerezve dhe duke e veshtiresuar tej mase 
ate. Dhjetra familje mbeten ne qiellin e hapur kete dimer. Rikuperimi i mundshem i ketyre 
demtimeve lidhen me shpenzime ekonomike te medha per komunitetin dhe shtetin. 
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Prishja e qendrueshmerise se shpateve, rreshqitjet dhe shembjet jane dukuri natyrore qe 
kushtezohen nga ndertimi gjeologjik i territorit, dinamika e ujerave nentokesore dhe 
siperfqesore, bimesia dhe struktura e saj, nga kushtet klimarike dhe verimtaria e agjenteve 
atmosferike, si edhe termetet. Zhvillimi i ketyre dukurive mund te nxitet dhe te 
pershpejtohet edhe nga verimtaria njerezore e pakontrolluar ne fusha te ndryshme: 
shpyllezimet, prishja e struktures se bimesise ne siperfaqen e tokes, prishja e struktures se 
rrjedhjes se ujerave siperfaqesore ose nentokesore, mos ndertimi i sistemit te drenimit te 
ujerave ne zonat e sheshet ndertimit, prishja e ekuilibrit te shpateve me ndertime te 
papershtatshme ne pajtim me strukturen e shtresave te truallit dhe vetite fiziko-mekanike 
te tyre, me germimin e skarpatave me pjerresi te gabuar. Shume ndertime, veganerisht dy 
dekadat e fundit jane kryer pa studimet e duhura gjeoteknike, si edhe duke ndertuar kohe 
pas kohe ne nivele te ndryshme hipsometrike te shpateve, pa marre parasysh nivelin e 
riskut te rreshqitjeve ne sheshin e ndertimit. 

Ne menyre te vegante rreshqitjet aktivizohen pas ndertimit dhe gjate shfrytezimit te veprave 
hidroteknike. Keto veprat, pergjithesisht, jane ndertuar ne kushtet e relievit te thyer malor 
dhe ne formacione gjeologjike ne te cilat zhvillohet dukuria e rreshqitjes ne Shqiperi. Kjo 
dukuri eshte e zhvilluar si ne mbulesen e shkrifet ashtu edhe shkembinjte rrenjesore. 
Shembull i kesaj eshte rreshqitja ne Ragam ne bregun e liqenit te hidrocentralit te Vaut te 
Dejes (Foto 1, 2, 3, 4. Rreshqitje tjeter tipike, e madhe e riaktivizuar, eshte ajo ne fshatin 
Porave ne Fierze, rreth 2.5 km ne lindje te diges se hidrocentralit (Foto 5, 6, 7). Gjate 
periudhes mbi 20 vjecare te shfrytezimit te hidrocentralit, ndryshimi i nivelit te ujit ne liqen 
dhe filtrimi i ujit ne shkembinjte e shpateve te liqenit, ka ndikuar ndjeshem ne ndryshimin 
e vetive fiziko-mekanike te shkembinjve dhe ne zhvillimin e dukurise se rreshqitjes dhe ne 
aktivizimin e saj te dukshem. 

Pare ne kete kend veshtrim, Shqiperia si vend pergjithesisht malor-kodrinor dhe me 
formacione gjeologjike, midis te cilave ka edhe nga ato te paqendrueshme, si edhe i 
veprimtarise se pakontrolluar njerezore, po perballet me pasoja te renda nga dukurite qe 
lidhen me rreshqitjet dhe shembjet e masave shkembore ose e dherave. 

Dy dekadat e tranzicionit kane sjelle ndertime te shumta pa asnje planifikim e kontroll 
teknik e shkencor, si edhe shkaterrime dhe mosmirembajtje te sistemeve kulluese. Kjo 
veprimtari e pakontrolluar njerezore eshte me pasoja te renda , qe po i ndjejme nga viti ne 
vit gjithenje e me shume. Ne fotografine satelitore duket nje “lagje moderne” e Tiranes, qe 
tashme nuk eshte ne periferi te saj, pagka qe sig thuhet jane jashte vijes se verdhe (Foto 16). 
Te zbritur nga zonat e thella e te varfera, drejt qytetit ku prisnin te gjenin jete me te mire, 
sejcili ndertoi ku mundi dhe si mundi. Dhe keta qindra mije njerez qe shtegtuan drejt 
Tiranes, nuk gjeten asnje perkrahje nga shteti dhe institucionet e tij se si duhet te 
ndertonin lajen e tyre te re, qe eshte lagje e shekullit te 21-te. Dhe nuk ka nevoje te jesh 
specilist qe te Specialist qe te marresh vesh se keto “paketime” te dendura shtepish jane pa 
kanalizime te ujerave te zeza dhe te bardha, dhe pa infrastrukturen me sistemin e rrugeve 
dhe mjediseve publike per nje lagje te shekullit ku jetojme. Ujerat qe derdhen te 
pakontrolluara ne nentoke shkaterrojne strukturen e truallit, duke sjelle demtime te 
godinave. Jane nderuar edhe shtepi ne shpate te pa qendrueshem, qe nen peshen e 
ndertimit dhe duke mos patur kanalizimet e duhura, shpatet behen te pa qendrusheme dne 
rreshqasin, duke sjelle carjen e shtepive, aq me teper kur bien shira te dendur. Madje, 
papergjegjshmeria ka arritur ne nivele te tilla sa sa jane lejuar te ndertohen shtepi nen 
trupa te rreshqitjeve ose ne shpate te paqendrueshme, si? ndodh edhe ne Durres, ne kodren 
ku ndodhet vila e mbretit (shih foto 17, 18, 19). 
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Fshatra te tere ose lagje te tyre rreshqasin, si rasti i njohur i Moglices, si edhe i shume 
lagjeve ne fshatra te ndryshme te vendit gjate ketij dimri. Edhe nen diga jane lejuar te 
ndertohen shtepi, duke patur mbi koke ujerat e liqeneve, qe mund ti permbytin ne rast se 
cahet diga prej dheu, si ne Ragam te Vaut te Dejes ose ne Paskuqan te Tiranes etj. (shih foto 
satelitet 1,2). 

Verehen shembje edhe ne monumete te kultures, si per rreth keshtjellave, ose objekteve te 
ndryshme monumentale, vecanerisht pas germimeve prane tyre (Foto 15). 

Ne brigjet e liqeneve te hidrocentraleve jane zhvilluar rreshqitje me rrezishmeri te larte, si ne 
Porave prane Fierzes ose ne Ragam, prane Vaut te Dejes, per arsye se masat e shkembinjve 
qe rreshqasin bien drejtperdrejt ne liqenet e hidrocentraleve dhe, duhet patur parasysh qe 
masa e trupit te rreshqitjen ne Porave eshte rreth 40 milion meter kub. Shumica e shtepive 
ne Porave jane te cara, si? duket ne fotografi. Edhe ne Ragam rreshqet nje faqe kodre. Dhe 
per fat te keq edhe keto rreshqitje nuk monitorohen. 

Shpyllezimet e bera kane zhveshur mijera hektare dhe zona te tera te, si edhe eshte prishur 
struktura siperfaqsore e veshjes bimore, duke rritur shkallen e erozinit dhe shkaterruar 
rruget e drenimit te ujerave siperfaqesore, gka duket qarte ne fotografite satelitore (Foto 20). 
Kjo veprimtari ka krijuar edhe kushte per prishjen e qendrueshmerise se shpateve dhe 
formimin e rreshqitjeve. 

Jane te shumta rreshqitjen ose shembjet ne rruget automoblistike, midis tyre edhe ato te 
ndertuara vitet e fundit, gka deshmon ose qe jane trasuar ne zone te pa pershtatshme, ose 
jane ndertuar me skarpata te gabuara, ne papajtueshmeri me fortesine e shkembinjve te 
shpateve (Foto 21, 22). 

Ne keto kushte, eshte koha per te dhene kontributin shkencor lidhur me shmangien ose 
minimizimin e rreziqeve nga keto dukuri natyrore, per analizen rast pas rasti te kesaj 
dukurie te demshme, si edhe sa me pare duhet te filloje monitorimi i rreshqitjeve me 
rrezikshmeri te larte. Vleresimi i qendrueshmerise se shpateve, i rreshqitjeve dhe monitorimi 
i dinamikes se tyre duhet here me metodat multidisciplinore bashkekohore gjeologjike- 
gjeofizike dhe jo me nje veshtrim siperfaqesor si turist. Natyrisht, per kete duhen te 
angazhohen specialistet dhe shkencetaret me te mire te fushes nga institucionet shkencore 
te ndryshme te vendit. 

Por kjo nuk mjafton. Shkaqet e paqendrueshmerise se shpateve dhe te krijimit te 
rreshqitjeve, te shembjeve dhe rreziqet nga zhvillimi i tyre duhen analizuar ngushte edhe me 
impaktin e veprimtarise njerezore te pakontrolluar per prishjen e qendrueshmerise se 
shpateve dhe gjenerimin e rreshqitjeve dhe shembjeve. Kjo ne rradhe te pare eshte pune e 
ligjvenesve dhe e organeve shteterore kompetente. Ka ardhur koha qe te punojne per te mos 
lejuar te shkaterrohet me tej vendi, gka me mosveprim eshte shkaktuar keto njezet vjet te 
tranzicionit. Sa me pare duhet te behen permiresimet e legjislacionit per ruajtjen dhe 
mbrojtjen e mjedisit, monitorimin e rreshqitjeve, si edhe per projektimet dhe ndertimet e 
veprave te ndryshme edhe ne lidhje me dukurine e rreshqitjeve. 
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Fig. 1. Reshqitjet me te medha ne Shqiperi. 
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Foto 1. Pamje satelitore e diges se Ragamit, Vau i Dejes dhe rreshqitjes prane saj 



Foto 2. Pamje satelitore e diges se Ragamit, Vau i Dejes dhe 
rreshqitjes ne veri te saj 
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Foto 3. Pamje e pergjitheshme e rreshqitjes se Ragamit ne Vaun e Dejes, ku tregohet edhe 
pozicioni i njerit nga profilet gjeofizike (Korrik 1996). 



Foto 4. Shkembinjte serpentinite te milonitizuar ne ballin e rreshqitjes se Ragamit ne 
bregun e liqenit te Vaut te Dejes (Korrik 1996). 
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Foto 5. Pamje satelitore e diges se Hidrocentralit te Fierzes dhe 
rreshqitja ne fshatin Porave ne lindje te saj 



Foto 6. Pamje e pergjitheshme e rreshqitjes se Poraves, me 
vendkalimin e profilit gjeofizik. 
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Foto 8. Pamje nga rreshqitja ne fshatin Guri i Zi, Labinot,Elbasan. 
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Foto 9. Pamje nga rreshqitja ne vepren hidroteknike te Banjes (Korrik 1987). 



Foto 10. Pamje satelitore e kodres se Viles se Mbretit Zog ne Durres dhe 

shpatet me rreshqitje. 
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Foto 11. Pamje nga rreshqitja ne kodren e Durresit 



Foto 12 Pamje e carjes se godines se Viles se Mbretit Zog nga rreshqitja ne kodren e 

Durresit. 
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Foto 13. Pamje e reshqitjes ne shpatin e kodres se Parkut te Tiranes. 




Foto 14. Pamje nga vidhisje dheu mbi nje grope pseudokarstike; 
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Foto 15. Rrezime gurresh ne shpatin e kodres se keshtjelles se Krujes 



Foto 16. Pamje satelitore e ndertimeve te reja pa asnje planimetri urbane ne Tirane 
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Foto 17-a. Shlyllezimet masive jane njera nga arsyet keryesore te rritjes se intensitetit te errozionit dhe 

zhvillimit te rreshqitjeve 



Foto 17-C. Shpyllezimet masive ne Tu? 
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Foto 17-c. Shpyllezimet masive ne Qafe-Mali, Lajthize 



Foto 18. Zhveshja e siperfaqes se Tokes nga terracat pa sistemet e drenazhimit te ujerave siperfaqesore 
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Foto 18. Skarpata me te pjerreta sesa lejon fortesia e shkembinjve serpentinite ne rrugen Elbasan- 
Librazhd, ku ka rrenie gurresh ne trasene e rruges gjate shirave 
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Foto 20. Pamje satelitore e diges se rezervuarit te Paskuqanit ne Tirane, nen te cilen jane ndertuar 

shume banesa. 
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4. METODIKA KOMPLEKSE PER STUDIMIN DHE MONITORIMIN E 
QENDRUESHMERISE SE SHPATEVE DHE RRESHQITJEVE 


Studimet e integruara komplekse gjeologo-gjeofizike inxhinjerike, hidrogjeologjike, dhe 
gjeodezike, lejojne te studiohen shpatet dhe te percaktohen shkaqet e zhvillimit te dukurise 
se rreshqitjve, te prognozohet dinamika e aktivizimit te tyre, te pervijohen masat qe duhen 
marre per te shmangur viktimat njerezore dhe per te minimizuar demtimet e ekosistemeve 
dhe te humbjeve ekonomike. Rezultatet e ketyre studimeve jane te domosdoshme edhe per 
te projektuar masat e nevojshme tekniko-ekonomike per te rikuperuar ekosistemet e 
shkaterruar. Ky studim integral i kontrollit te riskut te rreshqitjeve eshte nje procedure e 
perafrimit te nje pas njeshem, qe bazohet ne njohjen e ligjesive te struktures se Tokes, 
kontroll i thelle i ndertimit te brendshem te zonave te rrezikuara, si edhe vrojtimet e 
levizjeve te vogla ne brendesi te trupave kritike, qe konsiderohen potencialisht te gatshem 
per te rreshqitur poshte. Metodika multi disiplinore ka si synim te krijoje nje kontroll te 
pergjithshem dhe te integruar, i cili ka mundesi te percaktoje sheshet e rrezikshme, te behet 
klasifikimi i tyre ne varesi te nivelit te riskut te rreshqitjes, si edhe te krijohet nje metode per 
vrojtmin e vazhdueshem te riskut te rreshqitjes. Kontrolli, nga nje ane duhet te jete mjaft 
universal, qe te pershtatet ne mos ne te gjitha rreshqijet por ne shumicen e rasteve, si edhe 
nga ana tjeter te jete mjaft fleksibel, per tu pershtatur me cfaredo kushtesh gjeologjike dhe 
siperfaqesore lokale. Por, megjithese jane zhvilluar shume metoda per dallimin e 
pergjithshem te shpateve te rrezikuara dhe qe kane nivel te ndryshem rrezikshmerie, deri 
me sot, komuniteti tekniko-shkencor dhe i biznesit ende nuk kane pershtatur dhe zbatuar 
nje metodologji universale te pranueshme, qe te jape ndihmese per parashikimin dhe 
menaxhimin teresor te rreshqitjeve ne te gjitha rastet. Ende nuk ka nje percaktim thelbesor 
se cili kompleks metodash kontrolluese dhe monitoruese eshte me e pershtatshme per 
secilen faze te nivelit te rrezikshmerise. Prandaj aktualisht eshte shume e domosdoshme 
zhvillimi i nje sistemi monitorues per parashikimin e hershem te rreshqitjeve dhe i 
nje sistemi rreziku qe te jape tregues per levizjet e shpatit ne te ardhmen, per 
periudhen kur ka ende kohe te mjaftueshme per te marre masat e duhura. 

Bashkesia e metodave mund te perdoret per: 

gjetjen e shpateve potencialisht te rrezikshme: interpretim i perbashket i imazheve 
hapesinore me rezolucion te mesme dhe te larte, i fotografive ajrore, si edhe i te dhenave 
gjeologjike-gjeofizike-gjeodezike ekzistuese per dallimin e zonave potencialisht te rrezikshme 
dhe struktures se linjave tektonike dhe blloqeve te shkembore ne territoret ne studim, 

klasifikimin e zonave sipas nivelit te rrezikshmerise bazuar ne rezultatet e 
interpretimit te vrojtimeve ne distance dhe te dhenave ekzistuese gjeologo-gjeofizike- 
gjeodizike ekzistuese dhe koncetrimin e mepastajshem te studimeve dhe kontrolleve 
ne zonat me te rrezikuara, 

studimin dhe kontrollin e detajuar te shpateve te rrezikuar. Kontroll inovativ i 
saktesise se larte i struktures se brendshme ne thellesi kryhet me ndihmen e 
metodes se mikro-sondimeve sizmike, krahas me tomografite sizmike dhe 
gjeoelektrike, 

gjetjen e zones ku mund te ndodhin levizje rreshqitese (rrafshe rreshqitese) brenda 
shpateve te rrezikuar, duke interpetuar ne kompleks rezultatet e tomografie gjeofizike 
dhe te mikro-sondimeve sizmike, se bashku me te dhenat ekzistuese gjeologjike- 
gj eofizike . gj eodizike , 

diktimin e levizjeve te brendeshme ne shpatet, me anen e vrojtimeve perseritese te 
zhvendosjeve te brendshme te shkembinjve, 
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Instalimi i sistemeve per monitorimin/vroj timet perseritese brenda shpateve me te 
rrezikuar. 

vleresimi i riskut gjeologjik, 

krijimin e bazes se te dhenave per rreshqitjet. 

Duke u bazuar ne te gjithe kete informacion kompleks te integruar krijohet mundesia 
per: 

Realizmin e planifikimit urban te bazuar edhe ne vleresimin e ketye dukurive, 
Projektimin e sigurte te veprave te ndryshme ndertimore, 

Projektimin e masave inxhinierike dhe per te bere vleresimet ekonomike per 
rehabilitimin e rreshqitjeve. 

Metodat per studimin e rreshqitjeve jane zhvilluar gjate disa dekadave. Ato kane synuar ne 
regjistrimin e levizjeve rreshqitese te mundeshme, duke preferuar mundsisht qysh nga fazat 
e hereshme. 

Studimet gjeologo-gjeofizike inxhinjerike dhe vrojtimet gjeodezike te kryera per 
studimin e qendrueshmerise se shpateve dhe te reshqitjeve, si edhe per monitorimin e tyre 
ne Shqiperi kane qene programuar per zbatimin ne tre drejtime: 

1. Vrojtime komplekse gjeologo-gjeofizike siperfaqesore dhe vendosja e repereve 
gjeofizike dhe gjeodezike. 

2. Shpimi i puseve te ceket, vrojtime sizmike pus-siperfaqe dhe karotazhe. 

3. Vrojtime gjeofizike dhe gjeodezike ne puset dhe ne siperfaqen e tokes. 

Me keto punime komplekse eshte percaktuar forma dhe struktura e trupave 
rreshqites, jane vleresuar vetite fiziko-mekanike te trupit rreshqites dhe shkembinjve 
rrenjesore, eshte regjistruar niveli i veprimtarise sizmo-akustike natyrore e rreshqitjes. Keto 
te dhena japin ndihmese per te vleresuar qendrueshmerine e shpatit dhe dhe dinamika e 
rreshqitjeve. 

Studimi dhe metodat te perdorura aktualisht i perkasin disa fazave: 

1. Punime pergatitore: a) Perzgjedhja e zonave te gjera te ekspozuara ndaj rrezikut te 
rreshqitjeve. 

b) Pergatitja e kompletit te imazheve hapesinore me rezolucion te larte dhe te mesem, i te 
dhenave ekzistuese gjeologjike-gjeofizike- gjeodezike per zonat e perzgjedhura. 

2. Krijimi i modelit gjeologjik krahinor: a) interpretim i perbashket i imazheve 
hapesinore, si edhe te dhenat gjeologjike dhe gjeofizike, 

b) Krijimi i modelit paraprak gjeologjik i territorit. 

Ky model bazohet ne: 

- Analizen kompiuterike te imazheve hapesinore duke perdorur metodat standard, perfshire 
edhe paketen e softuerit LESSA (Lineament Extraction and Stripe Statistical Analysis, 
Analize Statistikore e Nxjerrjes dhe Fshirjes se Tipareve). 

- Skemat e prishjeve tektonike dhe blloqeve te struktures per territoret ne studim. 

- “Monitorimin retrospektiv”, ku imazhet hapesinore qe interpretohen krahasohen me 
imazhe te njejta per territorin e dhene, por te marra ne vitet pasardhes. Kjo ben te mundur 
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te shikohen procet e reja gjeologjike ne zhvillimin e tyre. E njejta procedure mund te kryhet 
edhe per fotografite ajrore ekzistuese. 

- Analizen paraprake e te dhenave disponuese gjeologjike dhe gjeofizike, per te gjetur se si 
mund te shfaqet ne siperfaqe struktura e thelle me rreshqitjet “qe flejne”. Kujdes i vegante 
tregohet per gjetjen e korrespondences midis rrafsheve te renies se shtresave te sedimenteve 
dhe drejtimit te shpateve. 

- Raportet pershkrues paraprake (sistemet e treguesve konvencionale) per hartat dhe 
skemat e me pasme ndermjetese dhe perfundimtare. 

- “Portretet fotografike te peisazhit” te zonave te pritshme duke u bazuar ne vecorite e 
shfaqura te rreshqitjes, te cilat mund te reflektohen ne imzhet hapesinore, si edhe ndihma e 
tyre lidhur me strukturat gjeologjike, te njohura sipas te dhenave gjeologjike dhe gjeofizike. 
Ne kriterin e formuluar kriteri per verifikimin e modelit. 

j) Hartave kompiuterike dhe paraqitjen 3D te fushave te treguesve bazuar ne te gjitha 
interpretimevet integrale te paraqitura me lart. 

3. Klasifikimi i zonave potencialisht te rreshqiteshme sipas nivelit te rrezishmerise 

Klasifikimi i zonave potencialisht te rreshqiteshme sipas nivelit te rrezishmerise, i cili mund 
te realizohet duke u bazuar ne: 

Analizen e thelle te “foto-portreteve te peisazhit” per zonat e pritshme rreshqitese, 
Analizen e thelle te hartave kompiuterike dhe paraqitjeve 3D te fushave te treguesve, 
Kriterin e perpunuar per klasifikimin e shpateve, 

4. Struktura e brendeshme e rreshqitjeve potencialisht te rrezikshme: 

a) Ekzaminimin i detajuar i struktures se brendshme te rreshqitjes potencialisht te 
rrezikshme, zbulimi i thyerjeve tektonike dhe i rrafshjeve te rreshqitjes, 

b) Vrojtimi i drejtpersedrejti i zhvendisjeve te vogla (prirja e zhvendosjeve) brenda 
trupave te rreshqtjeve te mundeshme. 

Ne kete menyre, zonat potencialisht te rrezikshme mund te zbulohen ne bazen e 
interpretimit te perbashket te imazheve satelitore te rezolucioneve te larta deri te mesme, si 
edhe te te dhenave ekzistuese gjeologjike dhe gjeofizike. Duke u bazuar ne rezultatet e ketij 
interpretimi krijohet edhe modeli gjeologjik paraprak i territorit. Prandaj, edhe faza e pare e 
studimit modern integral bashkekohor fillon me grumbullimin e imazheve hapesinore 
satelitore dhe te fotografive ajrore. 

Imazhet hapesinore satelitore 

Ne keto pese vjetet e fundit, imazhet hapesinore te perftuara kryesisht me anen e Radareve 
me Hapje Sintetik (SAR) dhe imazhet me shkalle shume te vogel spektrozonale, jane 
perdorur per programet e vrojtimeve satelitore te rreshqitjeve, sipas programeve te Agencise 
Hapesinore Europiane (Projektet SLAM, ALPS, IGOS Geohazards, MASMOV). Radari 
Interferometrik Satelitor (InSAR) eshte nje teknike ne te cilen komponentet fazore te sinjalit 
te kthyer te radarit te dy ose me shume skemash te Hapjeve Sintetike Radar (SAR), eshte 
eshte propozuar per te zbuluar levizjen e trualli (Fig. 2). Nevoja per saktesi me te larte dhe 
varesi kohore te rezultateve ka sjelle qe keto pese vjetet e fundit te perfshihet ne studim 
Interferometria Perhapesit te Qendueshem (Persistent Scatterer Inteferometry , PSI) . 

PSI eshte nje teknike e vrojtimit ne largesi, qe perdoret per te kalkuluar levizjet e vogla 
individuale te pikave te truallit dhe struktures ne nje zone te gjere te mjediseve urbane ose 
gjysme urbane (Fig. 2). Teknika perdor te dhenat arshivore te radarit satelitor, duke filluar 
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nga ato te vitit 1992, per te identifikuar vegorite e rrjetit te perhapesit te qendrueshem, 
d.m.th. te reflektimeve te radarit nga te godinat, urat, ose te vegime natyrore te zhveshjeve 
te shkembinjve, qe me matjet me saktesi milimetrike ne menyre retrospektive krahasohen 
me te dhenat e arshives. PSI ka mundesi te furnizoje ne kompleks te dhena si per madhesite 
vjetore te levizjes edhe per historine e levizjes shume vjegare per pika individuate te 
shperndara. Koleksioni i imazheve hapesinore te rezolucionit te larte dhe te mesem eshte i 
afte te krijoje effekt steroskopik me rezolucion 2-5 m per zonat e perzgjedhura. 

Imazhet me rezolucion te ndryshme mund te japin detaje shume te ndiyshme, prandaj 
duhet te dallohen ato detaje te cilat jane te nevojshme per zgjidhjen e detyres. Per te njejtet 
tipe te imazheve, informacioni varet nga spektri i valeve te radarit, stina e vrojtimit satelitor 
(lageshtia e truallit/mungesa e lageshtise, minimumi i vegjetacionit ose ne te kundert 
zhvillimi i disa llojeve bimesh, etj.), lartesia e diellit mbi horizont (ose data dhe koha e 
vrojtimit), si edhe kombinimi ose bashkesia e tyre. 

Imazhet per te njejten zone duhen mbledhur edhe per vite te ndryshme, per te realizuar 
“analizen retrospektive”, per te vrojtuar dinamika e shume proceseve aktuale gjeologjike. 
Imazhet e SAR, qe shpesh kane rezolucion hapesinor te ulet (zakonisht nga 7-8 m deri 
30 m, 1 m vetem ne rastin s satelitit TerraSat), jane te afta te zbulojne levizje te siperfaqes 
ne shkalle centimetrike, duke perdorur analizen e pikave shenje (perhapesit e 
qendrueshem). 



PS 


Faktoret kufizues se DinSAR: 

- Ndryshimet e roflektivitotit 
• Turbullimet atmosferike 



Efektet atmosferike mund te vleresohen dhe 
perjashtohen duke perdorur: 

- seri te gjala kohoro e te dhenave te SAR 

- perhapesit o porhorshem (Permanent scatterors- PS) 
qe lejojne te identifikohen shenjat koherente 


Fig. 2. Teknika e radarit PS (Perhapesit e Qendrueshem) 
(Geological Survey of Slovenia, 2008-2009) 


Eshte e nevojshme edhe grumbullimi i fotografie ajrore te vjetra de aktuale per te njejtin 
territor. 

Softueret e PSI analizojne pergjigjet fazore te pikave shenje dhe jane te afte te vegojne 
gvendosjet e truallit, lartesine dhe kontributet atmosferike te fazes per secilen pike. Sig 

26 


Alfred g^SHERI 

KONTROLLI DHE MONITORIMI I QENDRUESHMERISE SE SHPATEVE DHE RRESHQIT JE VE 

Tirane, 201 1 

rezulton nga keto korregjime arrihet saktesi matje te rendit +/- 0.1 mm/vit te madhesise se 
zhvendosjes. Kontributi fazor qe i detyrohet atmosfres vleresohet per cdo skene ne bazen e 
te dhenave. 

Hartat e levizjeve relative te tuallit ne zona te gjera sipas PSI, me saktesi pothuajse 
milimetrike pergjate linjes se vizionit satelitor (LOS) ne rrafsh vertikal eshte nen ate qe 
arrihet me GPS. Saktesia absolute hapesinore eshte rreth 15 m, ndersa saktesia relative 
hapesinore eshte rreth +/- 5 m ne drejtimin Lindje-Perendim dhe 2 m ne drejtimin Veri- 
Juge. Megjithe kete, PSI perfaqeson matje me kosto te ulet dhe kohe efektive te shkurter per 
kontrollin e levizjes se truallit ne zona te gjera. 

Zakonisht te dhenat e marra ne Bandat X dhe C, d.m.th. me gjatesi valesh 3,1 cm dhe 5,6 
cm, qe jane perparesia e te dhenave te SAR, nuk mund te perdoren per te bere 
“transparencen” e shkembinjve te shkrifet, pasi depertueshmeria e valeve me keto gjatesi 
nuk eshte me e madhe se disa centimetre, keshtu qe te dhenat e SAR mund te pasqyrojne 
vetem siperfaqen e rreshqitjes por jo te brendesise se trupit rreshqites, qofte edhe kur 
rreshqitja ndodhet ne shkembinj te shkrifet. Me gjithe se vrojtimet satelitore nuk kane 
periodicitet shume te larte (nga 2,5 dite deri 35 dite per satelitet ekzistues qe kane pajisje 
SAR), ne disa raste metodat satelitore jane te afta te zbulojne dukuri katastrofike te levizjeve 
rreshqitese qe kryhen. 

Aktualisht perdoren teknika innovative per analizen e imazheve satelitore te strukturave te 
thellesise (Boyarchuk K.A., Maloushina N.I., Miloserdova L.V.). Metoda eshte bazuar ne 
analizen gjeodinamike te informacionit per sistemet gjeologjike dhe formulimit te imazheve 
hapesinore duke u bazuar ne permasat e objekteve te interesuara. Rezultatet perfaqesojne 
modelin struktural te territorit, i cili mund te detalizohet me anen e te dhenave ekzistuese 
gjeologjike dhe gjeofizike. Ne keto raste, keto te dhena nuk lidhen mekanikisht me imazhet 
hapesinore, por ato ndertojne dhe pasurojne modelin, duke sjelle detaje te reja lidhur me 
nderlidhjen e brendeshme te komponenteve. Perparesi e madhe e kesaj metode eshte aftesia 
per tu pershtatur per kushte tektonike dhe siperfaqesore fare te ndryshme, per deri sa 
kriteret dhe treguesit e rreshqitjeve variojne ne varesi te kushteve gjeologjike dhe praktike. 

Mund te kryhet edhe analiza kompiuterike e imazheve hapesinore duke perdorur metodat 
standard, perfshire edhe paketen e softuereve LESSA (Lineament Extraction and Stripe 
Statistical Analysis- Analiza Statistikore e Nxjerrjes dhe Fshirjes se Tipareve) per te ndertuar 
skemen e strukturale me prishjet tektonike dhe blloqet ne zone (Fig. 3). 



Fig. 3.Vleresimi fushor i zhvendosjeve te zbuluara nga PSINSAR 
(Geological Survey of Slovenia, 2008-2009) 
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Behet lidhja e imazhit hapesinor me hartat ekzistuese topografie, gjeologjike dhe gjeofizike 
per realizimin e interpretimit te perbashket. Per kete, mblidhen te gjitha te dhenat 
ekzistuese gjeologjike, gjeofizike dhe gjeodezike per zonen, si harta topografike (e 
detyrueshme), harta litologjike lidhur me llojet e formacioneve ne zone dhe vetite e tyre 
fiziko-mekanike, harta gjeologjike dhe gjeofizike dhe prerjet perkatese, etj. Kryhet analiza 
paraprake e te dhenave te disponueshme geologjike e gjeofizike, sepse ato lejojne te shikohet 
ne thellesi te struktures si edhe te zbulohen rreshqitjet “qe flejne” , te cilat ne ndonje dite 
mund te shfaqen ne siperfaqe. Krijohet “portretit fotografik i rreshqitjes” per zonat e 
pritshme per rreshqitje, te cilet japin ndihmese ne zbulimin e vegorive qe mund te 
pasqyrohen ne imazhet hapesinore, ne lidhje me strukturat gjeologjike te njohura sipas te 
dhenave gjeologjike dhe gjeofizike, si edhe per formulimin e kriterit per verifikimin e modelit. 
Pergatiten harta kompiuterike 3D te fushes se treguesve. 

Per gdo shkalle studimi percaktohen treguesit kryesore per interpretimin, si edhe 
saktesohen stina, tipi i imazheve, zona e spektrit, nen te cilet shfaqen me mire tregue sit. Dy 
tipe treguesisht merren ne konsiderate: treguesit lidhur me strukturen ne thellesi, si edhe 
treguesit e drejtpersedrejte te rreshqitjes se mundeshme. Per ngjarjet gjeologjike duhen 
percatuar treguesit parimore: prishjet tektonike, shenjat e rreshqitjeve te vjetra dhe te 
ortekeve, levizjet e shpateve. Gjate analizes vizuale te imazheve kihen parasysh parametrat e 
me poshtem: skarpata e rreshqitjes dhe te erozionit, “dehja e vegjetaciont” (pozicioni jo 
normal i pemeve, shkurreve, etj.), lokalizimi karakteristik i burimeve lidhur me elementet e 
relievit (“lumenjte e barit” qe markojne zonat e truallit me lageshti), zhvendosja 
karakteristike e kufinjve gjeologjike, etj. 

Bazuar ne rezultatet e kesaj faze dallohen shpatet potencialisht te rrezikuar dhe klasifikohet 
niveli i rrezishmerise se tyre. 

Studimi i detajuar i shpateve dhe i rreshqitjeve konsiderohet se ka nje rendesi si te shtylles 
kurrizore. Metodat gjeofizike perfaqesojne pjesen me te rendesishme e studimeve 
komplekse multi disiplinore. Ne kompleksin gjeofizik bejne pjese: 

a) Mikrorilevimi magnetometrik per evidentimin e fillimit te veprimtarise se rreshqitjes, ne 
nivelet ende te pavrojtueshme vizualisht ne siperfaqen e tokes. 

b) Tomografia gjeoelektrike e realizuar me sondime elektrike vertikale ose me prerjen reale 
sipas profilimeve te gradientit te mesem me skema te shumfishta. Krahas vleresohet edhe 
anizotropia elektrike e trupit rreshqites dhe e shkembinjve rrenjesore. 

c) Tomografia sizmike e valeve gjatesore dhe terthore, me frekuence te larte. 

d) Vrojtimet dhe monitorimi i emisionit sizmik te proceseve te deformmit brenda struktures 
te rreshqitjeve potencialisht te rrezikshme perfaqesojne metodiken me te rendesishme te 
studimit monitorues te shpateve. 

e) Studimi gjeofizik i shpimeve (karotazhi elektrik, radioaktiv dhe zanor) per te studiuar 
trupin e rreshqitjes dhe shkembinjte rrenjesore. 

i) Inklinometria per te vleresuar pjeresimin e puseve te vrojtimit me kohen ne procesin e 
monitorimit te rreshqitjeve. 

j) Vrojtimi i deformimeve te brendeshme te trupit te rreshqites. 

k) Nxjerrja e kampioneve nga trupi rreshqites dhe shkembinjte rrenjesore, per te kryer 
analizat per percaktimin e vetive fiziko-mekanike, percaktime mineralogjike, petrografike te 
shlifeve, etj. 
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Vec te tjerash, punimet komplekse gjeofizike per kontrollin e vetive fiziko mekanike te 
truallit dhe te shkembinjve, ne kuadrin e vleresimit te qendrueshmerise se shpateve kane si 
qellim kiyesor edhe vendosjen e repereve - gjeofizike, krahas atyre gjeodezike, ne rreshqitjet 
aktive, per te siguruar monitorimin e tyre. Mundesite qe krijojne metodat gjeofizike per 
zgjidhjen e problemeve te percaktuara varet kryesisht nga modeli fiziko-gjeologjik i 
rreshqitjes. 

Shume metoda gjeofizike jane perdorur per kontrollin e shpateve dhe per te zbuluar 
heterogjenitetet formacionale, kufinjte dhe vetite e masiveve shkembore. Vitet e fundit, 
shume nga keto metoda kane pesuar ndiyshime te medha. 

Sizmika 

Metoda kryesore e perdorur eshte metoda sizmike e valeve te thyera (Stoethzner; Telford et. 
al.; Williams and Pratt, Bruno; Kurahashi et. al, Frasheri A. 2005, Bushati S. etj. 2008). 
Zhvillim i metejshem e metodave sizmike te zbatuara per kontrollin e shpateve ka qene 
realizimi i tomografise sizmike, matjet e anizotropise se shkembinjve, dobesimi dhe 
perthithja e vale ve (Luijk; Pyrak-Nolte and Shiau, Frasheri A. 2005, Bushati S. etj. 2008). 

Kur fillojne levizjet e vogla pergjate rrafsheve te rreshqijes, madje perpara sesa rezultatet e 
ketyre levizjeve te shfaqen ne siperfaqen e Tokes, ato shkaktojne disa “zhurma” dhe 
“murmuritje”. Prandaj, aktualisht, ne kompleks me tomografine sizmike zbatohet edhe 
metoda e ekspozimit te miksosizmave me frekuence te ulet per studimin e zonave te 
rreshqitjeve. Kjo metode jep te dhena per studimin e struktures se prishjeve tektonike dhe 
te shkalles se verimtarise se tyre (Gorbatikov A.V., 2005, Russian Federation patent 
No2271554, aplikimi Nq 2005 1083620) dhe, si nje metode sizmike e detajuar, hartografon dhe 
ekzaminohen ne detaje heterogjenitetet vertikale dhe horizontale brenda trupit te 
rreshqitjes. Metoda eshte analoge me ate te vrojtimeve sizmike, vegse si sinjal per sondim 
perdoren valet sizmike siperfaqesore te frekuences se ulet te truallit se Tokes, te natyres se 
valeve siperfaqesore te mikrosizmave Rayleigh’s. Metoda bazohet ne mundesine e 
heterogjeniteteve te shpejtesiore se kores se Tokes per te ndryshuar spektrin e fushes se 
valeve mikro-sizmike. Ne siperfaqen e Tokes mbi heterogjenitete te frekuences se larte 
vrojtohet zvogelim i amplitudave spektrale per frekuencen e dhene (f), ndersa amplitudat 
zmadhohen mbi heterogjenitete te fekuences se ulet. Frekuenca (fj i pergjigjet 
heterogjeniteteve te thellesise H dhe shpejtesise te modes haze te valeve te Rayleigh [Vf-ff)]: 
H=0.5VR(f)/f. Qendrueshmeria e matjeve bazohet ne investigimin e rezultateve te vetive 
statistikore te mikro-sizmave. Teknologjia e matjeve te kujton sondimet magnetotelurike, 
por shfrytezohet fusha e zhurmave mekanike ne vend te fushes elektromagnetike. Metoda 
eshte e afte te lejoje ndertimin e imazheve 3D te profileve per objekteve gjeologjike ne shkalle 
krahasuese me ate te valeve sizmike. Jane veganerissht efektive vegorite e rezolucionit te 
kesaj metode, e cila lejon te gjenden objektet e heterogjeniteteve anesore. 

Zbatimi i metodes eshte me kosto te ulet, me te ulet sesa kosto e vrojtimeve sizmike 
standard per te njejten rezolucion ne thellesi. Kjo metode nuk kerkon perdorimin e nje rrjeti 
multi-pikash te stacioneve sizmike qe punojne te sinkronizuar. Metoda mund te pajiset me 
aparatureve qe punojne me parimin “nga pika ne pike”. Punimet ne terren kryhen me paisje 
te ndertuara posacerisht per realizimin praktik te vrojtimeve me kete metode. Keto pajisje 
perfshijne stacion sizmik te kompiuterizuar dhe nje bashkesi te simomarrsave qe mbulojne 
diapazonet frekuanciale 0. 5-^15 Hz dhe 0.03-M5 Hz. Dhe 500-4000 Hz. Sonda realizon 
vrojtimin tre komponentesh te emisionit sizmik. Ne procesin e perpunimit te te dhenave 
merren parasysh edhe kushtet klimatike, proceset atmosferike dhe sizmicitetin krahinor. 
Per keto vrojtme duhet patur ne konsiderate koha e leximit e sistemit. Per te veguar 
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diapazonet frekuenciale te zhurmave sizmike dhe sizmo akustike te shkaktuara nga njerezit 
nga ato natyrale duhen dalluar parametrat statistikohe te zhurmave sizmike dhe sizmo- 
ukustike. Procedura e perpunimit te te dhenave pershtatet per kohen reale te prognozimit te 
gjendjes korente te proceseve deformuese qe zhvillohen ne brendesi te rreshqitjes. 
Informacioni lidhur me kushtet e shkeputjes se siperfaqes (rrafshit te rreshqtjes) 
perpunohet ne menyre te vazhduar dhe paraqitet ne ekranin e operatorit, krahas edhe 
treguesit te riskut te rreshqitjes. 

Elektrometria 

Metodat elektromagnetike jane perdorur per kontrollin e qendrueshmerise se shpateve gjate 
nje periudhe te gjate kohe (Bogoslovsky and Ogilvy, Frasheri A. 2005, Bushati B. etj. 2008). 
Permiresimet e koheve te fundit ne pajisjet si edhe programet kompiuterike kane krijuar 
kushtet per zbatimin e imazheve te rezistences elektrike specifike te dukshme dhe 
tomografine dy dhe tre permasore (Dahlin and Bernstone, Li and Oldenburg, Loke and 
Barker, Frasheri A. 2005, Bushati B. et.. 2008, etj.). 

Zhvillim i me tejshem i metodave gjeoelektrike per kontrollin e rreshqitjeve kane qene 
vrojtimet me gjeoradar (Coe et al.; Galgaro, Genevois), matjet me lazer (GeoDev SA Earth 
Technologies), video kamerat (Kin wah Leung). 


Vrojtimi i deformacioneve 

Krahas matejeve gjeofizike kryhen edhe matje te deformacioneve te siperfaqes, kryesisht me 
anen e inklinometrave (Applied Geomechanics Inc.), dhe matjet me synim te percaktimit te 
lageshtires te trupit rreshqites (Monitorimi ne kohe reale me anen e sistemit aktiv te 
rreshqitjeve, i zhvilluar nga Sherbimi Gjeologjik i U.S.A.). 

Jane projektuar dhe ndetuar perkulje-mates (flexion-mates) dy koordinatesh per matjen e 
deformimeve perkulese te kolonave te puseve te shpuar ne trupit te rreshqites. Sonda e 
perkulje-matesit kane dy elements elastike te ndjejshem, te lidhur ne skeme ure per matjen 
e deformimeve sipas dy boshteve ortogonale. Keto pajisje kane karakteristikat: Hapi i matjes 
fillon nga pdo 1 cm, diapazoni i matjes (rrezja minimale e perkuljes) eshte 0,75 m, 
ndjejshmeria (rrezja maksimale e perkuljes) 30 m. Per te rritur permbajtjen e informacionit e 
te dhenave te matjeve te kryera ne rreshqitjet, preferohet qe te disponohen te dhena per 
shperndarjen e rrezeve te perkuljeve te lidhura me profile hapesinore. 


Ne shume raste eshte perdorur nje kombinim i disa metodave per te njejten zone, pasi 
vepori te ndryshme te struktures nentokesore mund te zbulohet nga metoda te ndryshme 
(Anon, Bruno at al> the US Washington Park Station monitoring system, Frasheri A. 2005, 
Bushati S. etj. 2008). 

Metodat gjeofizike qe u pershkruan jane te frytshme per marrjen e te dhenave lidhur me 
vetite e shkembinjve dhe te dherave, si edhe kufinjte nentokesore midis formacioneve te 
ndryshme. Por sistemet vrojtuese moderne te sofistikuara synojne ne zbulimin e fillimit te 
levizjeve. Ne disa raste, jane te afta te japin informacion lidhur edhe me lageshtine e 
shkembinjve ne shpatet, d.m.th. te japin te dhena per fillimin e levizjeve te mundeshme, ne 
kushte te favorshme. Por, pikerisht fakti se vetem ne “kushte te favorshme” vrojtimet me 
keto metoda vazhdojne me levizjen e me pasme te shkembinjve, ato jo per cdo rast japin 
informacion lidhur me parashikimin e sjelljes se rreshqitjes. Keshtu, “pika e zgjimit” ne 
parim e metodave monitoruese, te cilat sot kryhen ne rreshqitjet kudo rreth botes, eshte 
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fakt se ajo aktualisht vetem sa zgjidh detyren e zbulimit te levizjes, ne rastin me te mire, ne 
fillimin e saj, madje ndonjehere kur levizja eshte ne progres. 

Klasifikimi i shpateve mund te behet duke i ndare shpatet ne tre kategori: 

Shpate te sigurte dhe shpate me nivel ekstremal te ulet per probalilitetin e 
rreshqitjeve, 

Shpate potencialisht te rrezikuar, dhe 
Shpate me rrezikshmeri te larte. 
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5. ANALIZA E REZULTATEVE TE STUDIMIT GJEOFIZIK TE DISA RRESHQIT JEVE 

NE SHQIPERI 

Konkretizmi i studimit gjeofizik kompleks i rreshqitjeve po behet nepemjet analizes se 
rezultateve te vrojtimeve ne tre shembuj (Bushati S. etj. 2008, Dhame L., 1974, Frasheri A. 
etj. 1995, 1996, 1997-a, b, c, d, e, 1998 a, b, c, d, 1999 a, b, 2005 a, b, Luli M. 1989, 
Radovicka P. etj. 1976): 

5.1. Rreshqitja ne Porave 

Rreshqitja e Poraves ndodhet ne shpatin jugor te liqenit, rreth 2.5 km ne lindje te diges se 
hidrocentralit te Fierzes, ne fshatin me te njejtin emer (Foto 5, Fig. 4). Shkarjeve te medha 
ne bregun e majte te lumit Drin ne fshatin e Poraves, u eshte kushtuar vemendje e madhe 
qysh ne periudhen e projektimit te vepres, sepse nje renie e saj mund te shkaktonte vale te 
rrezikshme per digen (Dhame L. 1974, Radovicka P. etj. 1976). Studimet e asaj periudhe 
kane perfshire jo vetem njohjen e detajuar gjeologjike te qendrueshmerise se brigjeve ne 
pergjithesi dhe te rreshqitjeve ne veganti. Ato perfshine edhe kalkulime komplekse te 
qendrueshmerise se shpatit me anen e modelimeve hidraulike. Per kete eshte simuluar edhe 
renia e trupit te rreshqitjes se Poraves me shpejtesi te ndryshme, nga 5 deri 10 m/sek. 
Parametrat per llogaritjet ishin ato qe rezultuan nga studimet gjeologjike te asaj kohe. Te 
gjitha ato studime guan ne perfundimin se duhej te mbilartesohej diga edhe per rreth 12 m 
mbi kuoten e percaktuar fillimisht ne projekt, ne menyre qe te shtohej siguria per rastet 
ekstreme. 

Sipas te dhenave gjeologjike, te periudhes se projektimit te vepres, trupi rreshqites i Poraves 
ka patur mase rreth 34 milion m 3 (R. Hanku, 1977). Keto punime treguan se brekce 
vullkanogjene gjysem shkembore, qe vendosen mbi diabazet, ndertojne shpate qe krijojne 
problem per qendrueshmeri, sidomos kur kane edhe plane tektonike te pershtatshme per te 
dhene rreshqitje (Dhame L., Dhima N., 1974). Sipas ketij studimi, rezulton se trashesia e 
ketij formacioni luhatet nga 10 deri 105 metra (Fig. 5). Ne pjesen me te madhe te zones, 
rreshpe silicore-argjilore te kuqerremta, te shtresezuara holle, pjeserisht te rrudhosura dhe 
te coptuara, qe kane trashesi 20-30 metra, shtrihen ne pjesen e siperme te prerjes. 

Eshte konstatuar se jashte veprimtarise tektonike dhe efektit direkt te pranise se linjave 
tektonike do te ekzistonin vetem rreshqitje te vogla, te reja ose te riaktivizuara prane 
derdhjes se perroit ne Drin dhe shembje shpatore brenda shtrateve te perrenjve, por edhe 
keto te parendesishme. Por, meqenese ne zonen e Poraves ka veprim tektonik shume te 
zhvilluar, si zone ndermjet dy masiveve ultrabazike te medhenj te Tropojes dhe Krrabit, 
ekziston edhe nje sistem linjash tektonike me elemente shtrishmerie 290°-300° dhe 
kendrenie ne VL 15°-18°, te cilat duke qene brenda formacionit gjysem shkembor brekcioz 
krijojne kushte te favorshme per rreshitje. Ne ate periudhe eshte perfunduar “...kur liqeni te 
mbushet deri ne nivelin 295m, blloku 1 behet me qendrueshmeri kritike dhe rreshqitja 
mund te ndodhe pjese pjese....” dhe “...mendojme qe edhe ne rastin me te disfavorshem te 
mundesise se rreshqitjeve, ne keto kushte (kendi i renies i vogel 15°-18° dhe 70% e 
materialit nen kuoten 300 m), nuk paraqet problem” (Dhame L., Dhima N., 1974). 

Analiza me imtesi e rezultateve te studimeve gjeologjike te viteve shtatedhjete, dhe 
krahasimi i tyre me te dhenat e marra gjate ristudimit te kesaj rreshqitje ne vitin 1996, 
d.m.th. mbas mbi 20 vjet, krijoi mundesine per te vleresuar dinamiken e zhvillimit te 
rreshqitjes pas mbushjes se liqenit me uje dhe ndikimin e dinamikes se uljeve dhe ngritjeve 
te nivelit te ujit ne liqen, gjate te gjithe kesaj periudhe. 


32 



Alfred g^SHERI 

KONTROLLI DHE MONITORIMI I QENDRUESHMERISE SE SHPATEVE DHE RRESHQITJEVE 

Tirane, 2011 


tkt S “^5" 


v v 


>; /S ’-JLiJrtiS 




^ ^ N 6<5 

' ^ ,i 

v ^ 

t v' V" ' jvayg 



v 

Pr'- r X i / 

’- 1 ^ . “; 5 


' ■• • < ■ ■! I ■ 4 V 

' /,-r jf 4 N: 


ROM I HI I KRf SH4JI I il S >1 fORAY I S 
i»Koni i i.iroi i/Ik 


Fig. 4. Planimetria e rreshqitjes ne Porave. 
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Fig. 5. Prerje gjeologjike e rreshqitjes ne Porave (Sipas L. Dhame, N. Dhima, 1974). 
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PROFIL GJEOELEKTRIK INXHNERIK 
RRESHQITJA E PORAVES 
Dhjetor, 1996 
Shkalla 1:10000 



REZ. ELEK. SPECIFIKE, ne Ohmm 

<200 200-400 400-600 600-1200 >3000 


Fig. 6. Prerje gjeoelektrike inxhinjerike e rreshqitjes ne Porave. 



Fig. 7. Prerje sizmo inxhinjerike e rreshqitjes ne Porave. 
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PROFIL G JEOLOGO-G JEOFI Z IK- INXHINERIK 
RRESHQITJA E PORAVES 



Kufi gjeoelektrik 


Kufi sizmik 


ITM Deluvion, pjesa me aktive e trupit rreshqites | 
Bllok rreshqites vullkanogjeno-sedimentar, 
rez. spec. 250-350 Ohmm, Vp=800-1050 m/s [ 


PJEH Qender vrojtimi gjeofizik Bllok rreshqites vullkanogjeno-sedimentar, 

rez. spec. 500-3000 Ohmm, Vp=3800 m/s 


Shkembinj rrenjesore vullkanogjeno-sed. 
rez. spec. 1000-1500 Ohmm, Vp=1 400-1 900 m/s 
Shkembinj rrenjesore vullkanogjeno-sed. 
rez. spec. 3000-3500 Ohmm, Vp=3900 m/s 


Fig. 8. Prerje komplekse gjeologo-gjeofizike ne rreshqitjen ne Porave. 

Ne vitin 1996, u vendosen reperet e pare gjeofizike per ta studiuar ate dhe qe perbejne 
element te rendesishem bashkekohor per ta monitorizuar kete rreshqitje ne te ardhmen. 

Mbeshtetur ne te dhenat e perftuara nga vrojtimet gjeofizike, ne njohurite e detajuara 
gjeologjike ekzistuese per kete zone, si dhe te gjendjes aktuale te rreshqitjes se Poraves, 
eshte realizuar analiza e rezultateve te punimeve komplekse gjeofizike te kryera ne vitin 
1996. 

Ne fig. 6 paraqitet profili gjeolektrik i detajuar i rreshqitjes se Poraves. Aty jane fiksuar dy 
kategori kufinjsh gjeoelektrike. Kategoria e pare i takon kontaktit te poshtem, ne thellesi 
140-160 m dhe i sipermi 20 m thelle, te cilet ndajne mjedise me veti elektrike te ndryshme. 
Kufiri i poshtem eshte kryesori, i cili ndan trupin rreshqites nga shkembinjte rrenjesore te 
serise vullkanogjeno-sedimentare. Ai eshte reperi qe pervijon qarte strukturen e trupit te 
rreshqitjes, ne kontakt me shkembinjte vullkanogjeno-sedimentare. Kufiri i siperm ndan 
trupin e rreshqitjes ne dy shtresa te medha. Pjesa me e siperme e trupit lidhet me 
depozitimet deluviale-eluviale. Kjo pjese eshte ne levizje te vazhdueshme intensive, duke 
shkaktuar garjet e te gjitha shtepive te fshatit Porave (Foto 7). Nga keta repere gjeoelektrike, 
se pari, percaktohet konfiguracioni i struktures se rreshqitjes ne shkembinjte e prerjes 
vullkanogjene sendimentare, te cilet kane vlera relativisht te ulta deri mesatare te 
rezistences elektrike specifike (200-1000 Ohmm), si rrjedhoje e ndikimit te veprimit te 
rreshqitjes. Ndersa shkembinjte vullkanogjene te ndodhur nen tere kete rreshqitje masive, 
perfaqesohen me vlera te larta te rezistences elektrike specifike 3000-3800 Ohmm ne 
sektorin me te larget te profilit nga liqeni dhe me vlera 1200-1400 Ohmm ne ate sektor qe 

ndodhet prane bregut te liqenit artificial te H/centralit te Fierzes. Pjesa me e siperme e 
trupit te kesaj rreshqitje, e perfaqesuar nga depozitimet deluviale-eluviale si edhe nga pjesa 
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shkembore me e shkaterruar e trupit te rreshqitjes dhe e cila sot eshte shume aktive, 
paraqitet me vlera teper te ulta te rezistences elektrike specifike 120-500 Ohmm. Ky 
aktivitet, sip u tregua me siper, pasqyrohet ne demtimet e vazhdueshme te shtepive dhe te 
objekteve te ndryshme te fshatit Porave, si edhe nivelet e ndryshme te terracave te 
rreshqitjes ne siperfaqen e tokes. Nga prerja e fig. 6 duket se kufinjte gjeoelektrike jane 
plotesisht paralele me kufinjte e dhene nga studimi gjeologjik i viteve shtatedhjete. Por ne 
vepanti, shfaqen kufinjte gjeoelektrike te siperm, prane siperfaqes se tokes. 

Heterogjenitet e dukshme gjeoelektrike gjate profilit, shprehin perberjen bllokore qe ka ne 
teresi kjo rreshqitje, sip ka rezultuar edhe nga punimet gjeologjike te kohes se projektimit te 
hidrocentralit. Kjo strukture e trupit te rreshqitjes krijon mundesine qe te gjykohet cilesisht 
edhe per ecurine e kesaj rreshqitje me kohen. 

Ne fig. 7 paraqitet prerja sizmike-inxhinierike e te njejtit profit me ate gjeoelektrik. Ne kete 
vepohet mjaft mire pjesa me e siperme e trupit te kesaj rreshqitje, pra zona me thellesi deri 
25 m. Kjo prerje ka dallueshmeri mjaft te qarte ne te dy parametrat sizmike, si ne 
shpejtesine e valeve gjatesore ashtu dhe ne ato terthore. Depozitimet deluviale fiksohen me 
vlera te Vp=400-1200 m/s dhe me Vs= 150-450 m/s, ndersa depozitimet eluviale dhe 
shkembinjte vullkanogjene te pjeses me te siperme te ndodhura mbi rrafshin rreshqites 
kane Vp=800-3880 m/s dhe Vs=350-800 m/s. Depozitimet vullkanogjene te shtrira nen 
rrafshin e pare rreshqites fiksohen me Vp=1400-3800m/s dhe Vs=600-1500 m/s. Kjo prerje 
pervijon te njejtet elemente si edhe reperet gjeoelektrike dhe me te dhenat e saj krijoi 
mundesine qe te vleresohen parametrat fiziko-mekanike te dherave dhe te shkembinjve. 
Kategoria e dyte e kufinjve lidhet me ndryshimet dhe me heterogjenitetet ne renie te trupit te 
rreshqitjes, te cilat e ndajne ate ne blloqe. 

Nga parametrat sizmike eshte bere vleresimi i karakteristikave fiziko-mekanike te 
shkembinjve te ketij trupi rreshqites ne shtrirje dhe ne thellesi, te cilat paraqiten ne 
pasqyren Nr. 1. 

Vetit e fiziko-mekanike t e trupit t e rreshqitjes s e Porav e s dhe shk e mbinjve rr e nj e sor e, 

sipas t e dh e nave t e kontrollit in-situ sizmik 


Pasqyra Nr. 1 
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m/s 
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Vp 
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Vs 
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1 
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0.33 

0.02 

0.02 

0.006 

0.02 

0.02 

2 

6.4 

600 

400 

1.44 

0.1 

0.06 

O.o6 

0.03 

0.02 

0.02 

3 

11. 

5 

1050 

580 

1.92 

0.28 

0.17 

0.17 

0.07 

0.13 

0.13 
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1760 

940 

2.15 

0.30 

0.45 

0.45 

0.17 

0.38 
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Dendesia e shtresave te ndryshme eshte llogaritur sipas madhesive te shpejtesive te valeve 
sizmike, duke perdorur formula te njohura. Meqene se keto formula jane statistikore, vlerat 
e vogla te dendesise se shtreses se pare, madje edhe te dyte kane rezultuar me te vogla sesa 
jane zakonisht ne natyre. Prandaj edhe madhesite e vetive te tjera fiziko-mekanike te tabeles 
se mesiperme per keto dy shtresa duhen marre si nivele me te poshtme. Gjithesesi, 
shpejtesite shume te vogla te valeve sizmike gjatesore dhe veganerisht ato terthore 
deshmojne pa medyshje per shtresa te shkrifta poroze te trupit te rreshqitjes. 

Nga studimi i mikrozhurmave sizmike natyrore verehen pamje te ndryshme te regjistrimeve 
ne te gjitha qendrat e vrojtimeve, pra ekzistojne intesitete te ndiyeshme te tyre. Keshtu, aty 
ku mikrozhurmat kane intesitet maksimal ndodhen zonat me dinamike te ketij masivi 
rreshqites, qe jane mjaft te dukshme dhe te pranishme ne fshatin e Poraves, me carjen dhe 
demtimin e madh te shume shtepive, si edhe me levizjen disa metra (2-4 m) te parcelave te 
tokes bujqesore, te shpateve, etj, brenda nje periudhe 2-3 vjecare (1994-1996). 

Ne prerjen komplekse gjeofizike-inxhinierike (Fig. 8 ), verehet nje perputhje mjaft e mire e 
rezultateve te sondimeve elektrike me ato te vrojtimeve sizmike, te perdorura per studimin e 
kesaj rreshqitje. Gjithashtu ne kete prerje realizohet fiksimi i plote i te dy rrafsheve te 
rreshqitjes, natyra e tyre si dhe gjendja dhe perberja e te dy pjeseve te trupit te rreshqitjes. 
Keshtu pjesa me e siperme e kesaj rreshqitje perbehet kryesisht nga depozitime deluviale- 
eluviale dhe shkembinj te shkaterruar, e cila arrin deri ne thellesine rreth 20 m, duke qene 
mbi rrafshin e pare teper dinamik te kesaj zone. Nen te shtrihet masivi i shkembinjve 
vullkanogjeno-rreshpore qe ndodhet mbi rrafshin me te thelle te rreshqitjes se Poraves (100- 
160 m). Ky rrafsh eshte i fiksuar qarte dhe ndan trupin rreshqites me trajte bllokore nga 
shkembinjte vullkanogjeno-reshpore te paprekur nga rreshqitja dhe te ndodhur nen te. 

Duke u bazuar ne rezultatet e deri tanishme te vrojtimeve komplekse gjeofizike per 
rreshqitjen e Poraves rezulton se ekzistojne ndiyshime, qe kane ndodhur ne pjesen e 
siperme te trupit te rreshqitjes se Poraves, gjate periudhes mbi 20 vjecare qe ka kaluar nga 
koha e ndertimit te hidrocentralit dhe e mbushjes se liqenit me uje, si rrjedhoje, ne rradhe 
te pare e aktivizimit te pjeseve me te thella te trupit te rreshqitjes nen veprimin e ujit te 
liqenit mbi masen e ketij trupi. Sado te vogel, ka patur ndikim edhe seria e termeteve te 
gjeneruar nga mbushja e liqenit te Fierzes me uje, si edhe zhvillimet e neotektonikes. 

Rezultatet e vrojtimeve gjeofizike te kryera, ashtu si edhe ato gjeologjike, lejojne gjithashtu 
se mund te mendohet qe nuk mund te ndodhe renia e menjehereshme dhe me te njejten 
shpejtesi e te gjithe trupit te rreshqites, pasi ai eshte i ndare ne blloqe dhe mund te bjere 
pjese pas pjese. Pergjigja e ketij problemi mund e jepet e sigurte vetem pasi te studiohet 
dinamika e rreshqitjes, duke kryer monitorimin e saj sistematik. Ky problem behet aq me 
teper i prefet, kur shtrohet pyetja per sjelljen e trupit te rreshqitjes gjate termeteve te 
fuqishme. 
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5.2. Rreshqitja ne Ragam, Vau i Dejes 

Rreshqitja ndodhet ne brigjet e liqenit te Vaut te Dejes (Fig. 9, 10, Foto 1,2). Ajo zhvillohet 
ne formacionin ofiolitik te perfaqesuar nga shkembinj te serpentinizuar (Foto 3, 4). 

Kjo rreshqitje eshte vrojtuar per here te pare ne vitin 1989 dhe eshte studiuar nga nje grup 
specialistesh (Luli M., 1989). Ne ate kohe, sipas relacionit te tyre, ajo perfaqesonte nje 
rrjedhje siperfaqesore deluvionesh, e vleresuar si e parendesishme (Fig. 10). Siperfaqja e 
trupit te rreshqitjes ne ate kohe ishte 0.08 km 2 . 

Trupi i rreshqitjes perfaqeson nje mase te madhe serpentinitesh te perajruar dhe te 
shkaterruar, te mbuluar nga trashesi e vogel deluvionesh. Ajo eshte zhvilluar ne mase te 
dukshme keto gjashte vjetet e fundit. Ne vitin 1996 siperfaqja e trupit te rreshqitjes arriti ne 
0.4 km 2 . 

Balli i dukshem i trupit te rreshqitjes shtrihet gjate bregut te liqenit. Ai ka formen e nje 
skarpate 2-3 metra te larte te serpentiniteve te shkaterruar, te shistezuar dhe vende vende 
te milonitizuar ( Foto 3,4). 

Ne kete rreshqitje dallohen tre nivele siperfaqesore shkeputjeje: 

- i pari rreth 35-45 m larg bregut, me nje zhvendosje horizontale rreth 2 m. 

- i dyti rreth 70-90 m larg bregut, me shkeputje vertikale me amplitude rreth 2 metra. 

- i treti rreth 115-130 m larg bregut. Ky eshte niveli me i ri dhe me amplitude me te vogel. 

Profilet gjeofizike, te kryer ne vitin 1996 profili terthor dhe ne vitin 1998 ai gjatesor, kane 
lejuar te studiohet mire trupi i rreshqitjes (Fig. 11, 12). Ne prerjet komplekse gjeofiziko- 
inxhinjerike terthore dhe gjatesore te trupit te rreshqitjes, te treguar ne fig. 3.9 duket se 
trup eshte i ndare nga dy rrafshe kryesore te rreshqitjes. Keto rrafshe jane te copetuar. 
Rrafshi i pare ndodhet ne thellesine reth 5-7 m, ndersa rrafshi i dyte arrin ne thellesine 
maksimale deri 22 m. Pjesa me e poshtme e rrafshit te dyte kontakton direkt me liqenin, 
nen nivelin e ujit. Ne kete menyre, trupi i rreshqitjes ka pamje bllokore. Vetite fiziko- 
mekanike te mases shkembore te trupit te rreshqitjes jane shume me te ulta sesa ato te 
shkembinjve rrenjesore te paprekur nga rreshqitja Pasqyra Nr. 2, 3. 

Sip duket nga pasqyra 2 dhe 3, trupin e rreshqitjes e formojne kater shtresa me veti fiziko- 
mekanike te ndryshme. Shtresa e pare jane deluvionet. Shtresa e dyte dhe e katert 
perfaqesojne serpentinite te shkaterruar dhe te dermuar. Shtresa e trete midis tyre 
karakterizohet nga rezistence elektrike specifike e ulet dhe shpejtesi e vogel e perhapjes se 
valeve sizmike. Ajo i korrespondon nje shtrese serpentinitesh me klivazh dhe te para 
ujembajtese. Si edhe ne rastin e rreshqitjes se Poraves, madhesite e vetive fiziko-mekanike 
te tabeles se mesiperme per keto dy shtresa duhen marre si nivele me te poshtme. 

Gjithesesi, shpejtesite shume te vogla te valeve sizmike gjatesore dhe vepanerisht ato 
terthore deshmojne pa medyshme per shtresa te shkrifta poroze te trupit te rreshqitjes. 

Duke vendosur reperet gjeofizike, u krijuan mundesite per te perdorur edhe parametrat 
gjeofizike per te monitorizuar rreshqitjen. 

Dinamika e levizjes se trupit te rreshqitjes eshte e shprehur edhe me veprimtarine sizmo- 
akustike natyrore. Ne fig. 13 jepen regjistrimet e veprimtarise sizmo-akustike ne rreshqitjen 
e Ragamit. Ne kanalet e gjeofoneve te vendour direkt mbi trupin e rreshqitjes eshte 
qartesisht e ndjejshme veprimtaria sizmo-akustike e shkaktuar nga kjo levizje. 
Mikrolekundjet ne trupin e rreshqitjes jane shume intensive dhe me bande te gjere 
frekuenciale, ndersa jashte ketij trupi ky aktivitet mungon. 
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Fig. 9. Harta topografike e zones se rreshqitjes se Ragamit, Vau i Dejes. 



Fig. 10. Planimetria e rreshqitjes se Ragamit, me vendvendosjen e qendrave te 

repereve gjeofizike. 


39 


Alfred gg^SHERI 

KONTROLLI DHE MONITORIMI I QENDRUESHMERISE SE SHPATEVE DHE RRESHQITJEVE 

Tirane, 2011 



Legjende 

Reper topografik 
^ Kufi sizmik 

Kufi gjeoelektrik 

Deluvion, pjesa e siperme e trupit rreshqites, rez. spec. 60-400 Ohmm, 
Vp=140-170 m/sek, Vs=160 m/sek 

Serpentinite te alteruara te trupit rreshqites, rez. spec. 10-40 Ohmm, 
Vp=540-1900 m/sek, Vs=230-170 m/sek 

Serpentinite te alteruara te trupit rreshqites, rez. spec. 60-150 Ohmm, 
Vp=2750 m/sek, Vs=600 m/sek 

Serpentinite, shkembinj rrenjesore, rez. spec. 180-970 Ohmm, 

Vp=1 750-3700 m/sek, Vs=970 m/sek 


Fig. 11. Prerje komplekse gjeofizike terthore ne rreshqitjen e Ragamit. 



Fig. 12. Prerje komplekse gjeofizike gjatesore ne rreshqitjen e Ragamit. 
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JASHTE TRl.TIT TE RRLSHQfl JtS 


AKTI1VITETI SIZMO-AKIJSTIK NATYROR 
HIRDROCENTRALI VAU I D1 JI S 
RRESHQITJA E RRAGAM1T 
Gush* 1996 


l 


Fig. 13. Aktiviteti sizmo-akustik natyror ne rreshqitjen e Ragamit 

Vetite flzike te shkembinjve ne zonen e rreshqitjes 

Pasqyra 2 


Nr. 

shtrese 

s 

Trashesia 
ne metra 

Resisten- 

ca 

elektrike 

specifike 

ne 

Ohmm 

Dende- 

sia, 

ne 

g/cm 3 

Shpejtesia e valeve, 
ne m/sec 

Litologjia 

Vp 

Vs 

TRUPI RRESHQITES 

1 

0.7 

76.4 

1.34 

210 

160 

Deluvione 

2 

4.0 

29.5 

1.61 

540 

230 

Serpentinite te 
shkaterruar 

3 

6.5 

46.5 

2.45 

3700 

680 

Serpentinite ujembajtes 

4 

17.4 


1500 


Serpentinite te 
shkaterruar 

SHKEMBINTE RRENJESORE 



485 

2.56 

3500 

1920 

Serpentinite 
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Vetite mekanike te shkembinjve ne zonen e rreshqitjes 

Pasqyra 3 


Nr. 

shtre- 

ses 

Koeficienti 

Puassonit 

Moduli 

Dinamik 

i 

elasticitetit, 

Ed s 

ne *10 5 
kg/ cm 2 

Moduli i 
ngurtesise 
G, 

ne *10 5 
kg/ cm 2 

Shtypja 

vellimore, 

ne *10 5 
kg/ cm 2 

Gjendja e shkembinjve 

TRUPI RRESHQITES 

1 

0.35 

0.00370 

0.00140 

0.00420 

Shkemb i bute 

2 

0.39 

0.02413 

0.00868 

0.03630 

Shkemb i shkaterruar, i 
dermuar 

3 

0.48 

0.56586 

0.19167 

3.26503 

Shkemb me klivazh dhe te 
gara 

4 


0.26325 

0.09608 


Shkemb i shkaterruar, i 
dermuar 

SHKE 

1MBINJTE RRENJESORE 


0.29 

2.46271 

0.96199 

1.91408 

Shkembinj kompakte 
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5.3. Rreshqitja ne Banje 

Kjo rrehqitje u krijua ne kohen e hapjes se tunelit te derivacionit ne hidrocentralin e Banjes 
(Fig. 14). Ajo u zhvillua gjate germimeve ne formacionet flishore te paleogjenit. 
Karakteristike e prerjes flishore ketu eshte permbajtja e shume shtresave te trasha ranore, 
te cilat kane renie sipas relievit. Kjo rreshqitje shkaktoi shkaterrimin e plote te tunelit te 
derivacionit te ndertuar deri ne ate kohe. 



UCJ ENDt 

konturi i trupit tc rreshqitjes 
( <&) Shkcmbinjte rrcnjcsorc, ilish 


t ~. Repcr gjcodczik 

Qcndcr c sondimil clcktrik 
Qcndcr c vrojtimit siz.mik 
VT Oijtc 

Fig. 14. Harta topografike e zones se rreshqitjes ne Banje, me vendvendosjen e 
qendrave te repereve gjeofizike (Kapllani L.). 

Ne fig. 15 paraqitet preja komplekse gjeofizike-inxhinjerike neper trupin e rreshqitjes ne 
Banje. Thellesia maksimale e shtrirjes se rrafshit te rreshqitjes eshte 22 metra, ne qendren e 
profilit. Karakteristikat gjeoelektrike te trupit te rreshqitjes jane shume te dallueshme nga 
ato te formacionit flishor te ndodhur jashte rreshitjes. E njejta tablo eshte edhe per 
shpejtesite e perhapjes se valeve sizmike. Trupi i rreshqitjes eshte mjaft heterogjen dhe i 
ndertuar nga blloqe te ndryshme. 

Kjo rreshqitje u karakterizua nga nje dinamike teper intensive e levizjes se mases se trupit 
te rreshqitjes. Per rreth nje muaj, masa rreshqitese prej 17 000 m 3 u gvendos rreth 5-7 m. 
sipas vrojtimit te repereve gjeodezike. Kjo dinamike eshte pasqymar edhe ne aktivitetin 
sizmoakustik natyror (fig. 16). Ne kete figure, duket se brenda trupit te rreshqites 
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mbizoterojne lekundje me frekuanca me te larta sesa jashte tij. Mikrolekundjet kane 
amplitude shume here me te larte. 


s 


ES.a 



legend 

Diluvium, Silt&l*fl&, rSSiStivity 10-20 Ohfflm 
Ftysch, slipping block, resistivity 30-40 Ohmin 

Sandy ftysch, -slipping block, resistivity 60 Qhmm, Vpai000-3000 rru'soc 
Bl Sandy %seh, supping Hock, resistivity 60-130 Qfimm, Vp=45O0 nVssc 
| Ftyscto, bedrock, resistivity 1 0-20 Ohmm. Vp=4tiOQ mi'sec 
Sandy Itysch, bedrock* resistiviiy 15-00 Qhmm, Vp-5000 mteec 


| Geoalectrie boundary 
□am (in construction) 


Fig. 15. Rezultatet e studimit gjeofizik ne rreshqitjen e Banjes (Kapllani L.). 
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Fig. 16. Aktiviteti sizmo-akustik natyror ne rreshqitjen e Banjes (Kapllani L.). 
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1. Introduction 

Albania represents a mountainus country and Albanides are represented 
geological structures with possibilities of instable slopes and landslide development. 


Based on the geological 
formations and landslide body mass, can 
be present following landslide 
classification in Albania (Fig. 1.1): 

Instable slopes and intensive 
landslides developed in weathered 
bedrocks and in overburden bed 
at the lakeshores of hydropower 
plants. 

Instable slopes and intensive 
landslides developed in Oligocene 
flysch formation. 

- Instable slopes and landslides 
developed in Neogene’s molasses 
formations. 

- Landslides developed in loose 
Quaternary deposits. 

Downfalls in the weathered rocks 
Developing of new landslides or re- 
activation of the old ones is mainly due to 
construction works. Slope mass 
movements (landslides, debris flow, rock 
falls, rock slides, etc.) have become a big 
issue in recent years, especially after 
several casualties. Special constructions, 
such as hydrotechnical works, civil, 
industrial, urban and rural constructions 
and constructions in the infrastructure, 
particularly during last year’s, as well as 
destroyed equilibrium in ecological 
systems through deforestation etc., all 
these events have contributed to 
landslide development. Landslides are 
located in the deluvial deposits. 



Fig.l .1 . Landslides and rock downfalls 
in Albania. 
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and in the altered-bedrocks. The slipping bodies of some landslides have very big 
volume, more 50 than million cubic meters. The biggest ones are observed near of 
hydrotechnical works. Actually the landslides are present even in some dams of the 
reservoirs used for irrigation. This phenomenon is risking even some historical objects 
of national importance such as the Medieval Castles of Kruja, Gjirokastra, Rozafa in 
Shkodra, and that of Lezha. The activation of the landslide is stimulated from the 
big activity of the earthquakes in Albania. 

Slope stability and landslides has been an object of the geological- 
engineering studies in Albania. During the last twenty years, the landslides have 
been investigated using integrated geological, geophysical engineering and 
geodetic methods. 

Control and monitoring study of stability of slopes and landslides that are presented 
in this lecture has been prepared on the basis of the third chapter of the book "Engineering 
and Environmental Geophysics", a publication of the Academy of Sciences and the Faculty 
of Geology and Mining, Tirana, 2005, of the author Alfred Frasheri, (ISBN 99943-763-5-7), on 
the monograph: 'Slope Stability Evaluation and Investigation and Monitoring landslide using 
geophysical data " of the authors Bushati, S, Frasheri, A., A., Nishani, P„ Silo , V., Pambuku, A., 
Dema Sh„ Komac M„ Bavec M„ Jemec M„ Kumelj Sh., a publication of the Academy of 
Sciences, Tirana, 2008, (ISBN: 978-99956-10-14-7), as well as Open Lecture “Investigation and 
monitoring of the slope stability and huge landslides in Albania using geophysical method, 
of Prof. Dr. Frasheri A., Faculty of Geology and Minig, and Faculty of Construction 
Engineering, Polytechnic University of Tirana Universiteti Politeknik i Tiranes, 2010.. 

This lecture hasalso reflected the new achievements of research and monitoring of 
slopes and landslides over the past five years, as the problem of occurrence of intense 
slides a cross the territory of Albania in the winterof 2010. 

The authorwill considerthat hisduty isdone if this lecture will give its contribution towards 
the multidisciplinary integrated study of slope stability and landslidesinvetigation, aswell as 
monitoring the dynamic development of the landslis by application of modem methods 
and technologies by the specialized Institutions, to avoid human losses and minimize 
material losses. But above all it is necessary to state legislators and central and local 
administration should prepare the relevant legislation and require the strict enforcement of 
laws to remedy the human impact of causing deterioration in the stability of slopes and 
development of landslides. It is the pressing problem of the day to take the appropriate 
measuresto monitorknown landslidesto minimize damage and avoid catastrophes. 

The lecture will serve the students of engineering faculties, who in their 
profession related to the landslide’s phenomenon. 

Integrated and multidisciplinary study methodic for slope stability evaluation, 
and landslide investigation - monitoring 
- Slope stability evaluation and landslide investigation and monitoring using 
geophysical data in Albania 
Bibliography 


2. INTEGRATED AND MULTIDISCIPLINARY S1UDY METHODIC FOR SLOPE STABILITY 
EVALUATION, LANDSLIDE'S INVESTIGATION, AND MONTTORING 

2.1. Integrated geological-geophyskal-geodetical in- situ investigation for landslide 
prognosis* study and monitoring in Albania. 

Slope stability evaluation and the investigation and monitoring of landslides 
represent a multidisciplinary investigation, which should be performed by in situ 
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integrated multidisciplinary geophysical-geological-geodesic-geotechnical-remote 
sensing and borehole logging technologies : 

Geological Mapping 

- Geomorphological Mapping 

- Hydrogeological Mapping 
Engineering Geological Mapping 
Remote sensing surveys 

Geophysical Mapping, in-situ investigation and monitoring 
Gravity micro survey 
Magnetic micro survey 

High Frequencies Seismic Tomography and profiling. 
Geoelectric Tomography, electric soundings and profiling, etc. 
Electrical, radiometric, sonic etc. well logging 
Laboratory analysis and determinations 

- Geodesic observations. 

Mthematical-physical-geological modeling of the landslide; 

- Statistical analysis of the acquired information and to determine the 
deformation processes through systematic measurements in order to 
forecast hazardous geodynamic processes. 

These methods enable collecting accurate data and sufficient information for 
implementing constructive projects in order to avoid the risk of fhe nature related 
to the land sliding phenomenon (Aliaj Sh. et al. 2010, Anon: 1995, Bogoslovsky V.A. 
et al. 1977,Camberfort H., 1972, Dziewanski J. et al., 1981, Bushati S. et al. 2008, 
Frasheri A., 2005, 2010, Konomi N. etj. 1988, Prem V. Sharma, 1997, Telford W.M. et 
al. 1990,). 

Integrated geological-geophysical-engineering studies have a complex 
character: 

a) To study the landslide body structure and soil of the landslide area, 

b) Spatial analyse of landslide driven factors, landslide susceptibility model 
development. 

c) Evaluation of in-situ physical-mechanical properties of soils and rocks, 

d) In-situ monitoring of landslide phenomena dynamics 

e) Determination of the near Earth surface and deep geological-geophysical 
factors that controlled creation, activation and dynamics of ecosystem’s 
destruction. 

f) Evaluation of the anthropogen impact for activation of the slope systems 
destruction and their dynamics. 

g) Slope stability, landlides and downfalls classification in region and country, 
according to the area geological setting and geological hazard. 

h) Presentation of the technical-engineering measures recommendations for 
avoid or reduction of the negative environmental effects from the land- 
sliding phenomenon. 

i) Prognosing of the slope instability and landslide development in the future, 

j) Organization a geophysical, geological, geodetic, Geographic Information 
Systems (GIS) and other information’s database, for landslide sites on the 
country territory. 

Consequently, geophysical-engineering studies with their complex 
character are able: 

1) To study the landslide body structure and soil of the landslide’s area. 


3 



898 


2) To in-situ evaluate physical-mechanical properties, and mineralogical stydy of 
soils and rocks, and 

3) In-situ monitoring of the landslide phenomena development dynamics. 

4) To prognoses slope instability and landslide development possibility in the future, 

In-situ intergrated investigations and monitoring is necessary programmed to 
perform in three phases: 

1. Surface integrated geological-geophysical maping, geodesic and remote 
sensing surveys, and installation of geophysics and geodesic markers. 

2. Drilling of shallow boreholes, cross-hole seismic survey, well logging and 
sampling. 

3. Monitoring through periodical geophysical surveys and geodesic observations 
in boreholes, and remote sensing surveys on the ground surface, and soil and 
rocks mass movement dynamics. 

2.2. Geophysical investigations 

In the geophysical methods complex can be included application (Bushati S. et al. 
2008, Frasheri A. 2005, 2010, Frasheri A, et al. 1999, 2000): 

• Seismic tomography and 2D and 3D shallow refracted and reflected 
multiple covering survey; 

• Recording of fhe seismic-acoustic activity; 

• Setting the accelerometer network in one of the biggest landslides; 

• Geoelectrical tomography, vertical electrical sounding and profiling; 

• Well-logging in boreholes; 

• Magnetic micro survey; 

• Gravity micro survey; 


Seismic syiveys: The basic method is the seismic tomography and high 
frequency refraction seismic profiling. The tomography can be combined with 
refraction seismic profiling of high frequencies at different landslide’s area sectors. 
The longitudinal and shear waves were recorded through the time intercept 
method. The hole-hole time-lapse seismic tomography of longitudinal and shear 
waves can be included in the surveys program. The natural seismic-acoustic 
activity inside and outside of slipping body is necessary to observe. 


According to the surveys' data the velocity of P-waves (Vp) and S- waves 
(Vs) can be calculated the layer thickness, as well as the physical-mechanical 
properties must be esstimated for soils and rocks: Poisson rafio, elasticity dynamic 
modulus. Bulk modulus, rigidity modulus and compression volumetric strength 
modulus (Bruno F. et al. 1998, Frasheri A. 2005, 2010, Pyrak Nolte et al. 1998, 
Rykounov L.N. et al. 1 983, Williams R.A. et al. 1 996). 


Puasson Ratio: 


v = 


v;-2V; 

WhW) 


Dynamic Basticity Modulus: 

r2 (l + v) • (l - 2v) 1 


e 1 =p-v; 
1 


1-v 


10 


e 2 = 


9.81 


in 

in 


' N ' 
K cm 2 y 

f— 1 

K cm 2 j 


4 



899 


where: p - Density, in (g/cm 3 ) 

V p , Vs - The longitudinal and shear waves velocity, respectively, in 
(m/sek) 


Static Elasticity Modulus: in cases for E > 2.5 10 
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Geoelectrical suiveys Electrical soundings can be performed by the Schlumberger 
array, with spacing up to AB/2 = 500 m, which allowed to reach a survey depth of 
120-150 m. Resistivity profiling can be carrying out by multiple Schlumberger arrays 
with two-five investigation depths, relating to the required depth of investigation for 
each object. It is necessary evaluating of the anisotropy of geoelectrical section. 
Geoelectrical time lapse tomography to investigate the landslide area and 
monitoring of the landslide developing dynamics should be included in the 
investigation program. Resistivity Realsection of the geoelectric tomography can 
be performed by multiple spacing gradient arrays, with maximal spacing in 
dependence of the investigation depth (Dahlin T. et al.. 1997, Li Y. et al. 1992, Loke 
M.H. et al. 1996, Frasheri A. 2005, 2010, Ogilvy R.D., et al. 2009, Wilkinson J.Ch., et al. 
2011 ,). 

According to statistical dependencies can be evaluate the physical- 
mechanical properties of the soils and rocks, according to their electrical resistivity 
values. 


Elasticity Static Modulus: ex. for diabase: 

E = (38,6- p + 4,7 -10 4 )-10 5 -^ f 

m 

Together with the geophysical methods mentioned above, the micro- 
magnetic and micio-giavity surveys are part of the integrated investigation of 
landslide areas. Micro-magnetic mapping present important information for 
landslide activity prognostic. 

h) Well logging:. The gamma-gamma density logging, neutron-gamma 
logging, electrical logging, acoustic logging and inclinometers can be applied for 
boreholes documentation. Different well logging methods are able to present high 
accuracy information about rock lithology, thickness of the layers and physical- 
mechanical propoerties of the rocks: 

Rock's porosity: after electrical resistivity of the rocks, ex. for the sandstones: 

P= 0.85*K P ‘ 1 - 7 
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where: P - porozitety parameter: 


Where: p shu , p u - eletric specific resistivity of the rock that is 100% satured with 

water, and water resistivity, respectively. 

Rock's peimeability: 

K I ^ 101 

" “ P JhKj KL 

where: P- porosity parameteri, 

Kuo- remanant water saturation coefficient. 

Porosity coefficient according to the sonic logging data, ex. for the 
sandstones: 


K P =0.1 75*At - 31 .6 

Where: At- difference of arrival times of the sonic vavew from source to two 
receivers in the well logging sonde. 

or according to the neutron-gamma well logging data: 

log K r = log K f , - hfl^L . ( log Kpi _ log Kp2 ) 

^ n/ 1 ^ ny 

where: K P i, K P 2 - coefficients of two marker layers, 

I nr ’ I n r ■ neutron-gamma intensivities in two marker layers. 

According to these data carried out time-lapse monitoring of physical 
properties of the slipping body, to evaluate movement slipping mass dynamics. 

2.3. Remote sensing technique 

Besides the traditional geodetic methods, it is important to apply a new 
remote sensing technique that uses radar satellite images. Potentially hazardous 
areas can be detected on the basis of the common interpretation of radar satellite 
images of high resolutions in complex with the existing geological, geophysical, 
and geodetical data. The available methods and equipments for estimating 
vertical ground movement are becoming more and more precise, being able to 
supply accurate measurements of displacements over the studied region 
(Boundarchuk V.A. etj. 2010, Bushati S. et al. 2008, Frasheri A. 2010, Geological 
Survey of Slovenia, 2009, Kin Wah Leung 2003, Kurabashi T„ et al 1 998, Mialkin B.V. et 
al. 2004, Zlatopolski A.A. 1 992, 1 997) . 

Satellite Radar Interferometry (InSAR) is a technique in which the phase 
component of the returning radar signals of two or more synthetic aperture radar 
(SAR) scenes of the same location are processed to allow the detection of ground 
movements (Fig. 2.1). The need for more accurate results has led to the inevitable 
technical advances seen over the last few years, including Persistent Scatterer 
Interferometry (PSI). 

PSI is a non-invasive surveying technique used to calculate fine motions of 
individual ground and structure points over wide-areas covering urban and semi- 
urban environments. The technique uses an extensive archive of satellite radar 
data (dating back to 1992) to identify networks of persistently scattering (i.e. radar 
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reflecting) features such as buildings and bridges, or natural features such as rocky 
outcrops, against which precise millimeteric motion measurements are calculated 
retrospectively over the time spanned by the data archive. The unique benefit of 
PSI is its ability to provide both annual motion rates and multi-year motion histories 
for individual scattered points. 

PSI software analyze the phase responses of the point targets and are able 
to separate the ground displacement. The levels of measurement precision 
achieved on the annual displacement rates are of the order +/- 0.1 mm/year. With 
all that satellite observations are not very high periodicity (from 2.5 days to 35 days 
for existing satellites that have equipment SAR), in some cases satellite methods are 
able to detect catastrophic phenomenon of active landslides. 

Currently used innovative techniques for the analysis of satellite images of 
the deep structures (Boyarchuk KA, Nl Maloushina, Miloserdova LV). The method is 
based on Geodynamic analysis of geological systems information, and spatial 
imaging formulation based on the size of the study objects. Results represent the 
structural model of the territory, which can detailed through the existing geological 
and geophysical data. In these cases, these data are not mechanically linked with 
spatial imagery, but they build on and enrich the model, providing new details 
about the interconnection of internal components. The great advantage of this 
method is the ability to adapt to tectonic and surface conditions at different, until 
the landslide’s criteria and indicators vary depending on the geological and 
practical conditions. 

Can also be performed computer analysis of space images using standard 
methods, including software package LESS (Lineament Extraction and Stripe 
Statistical Analysis-Statistical Analysis of Extraction and deleting features) to 
compilate the structural and tectonic line and blocks scheme of the area (Fig. 2.2). 
Performed liazing of the spatial image with the existing topographic, geological 
and geophysical maps for the realization of complex interpretation. 



Fig. 2.1 . Persistent Scatterer Interferometry Fig. 2.2. Field validation of 
technique (PSI) (Geological Survey of displacements Detected with 

Slovenia, 2008-2009) PSINSAR (Geological Survey 

of Slovenia, 2008-2009) 
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Based on the results this investigation’s phase differ potentially vulnerable 
slopes and classify their level of the hazard. According to space observation 
informations, actually can realized the classification of slopes with different 
potentially hazard levels, which can be accomplished based on: 

- Analysis of fhe deep "photo-porfraits of the landscape" areas expected to slide, 

- The deep analysis of 3D digitals maps of different indicators 

- Developed criteria for the classification of slopes. 

Besides the above, studied the internal structure of potentially dangerous 
slide through: 

- a) Detailed examination of the internal structure of potentially dangerous 
landslides, discovery of the tectonics lines, and glide plane, 

- b) Directly survey of the small dislocations (dislocation trend) within the probable 
slipping bodies. 

2 A Geotechnical methods 

Geotechnical landslide’s investigations present a wide complex of methods and 
studies (Bushati S. et al. 2008, Camberfort H. 1972, Dzienvansky J. etj. 1981, Frasheri 
A. 2005, Galgaro A. et al. 2004, Konomi N. et al. 1982, 1986, Konomi N. 1988, 
Kurahashi T. et al. 1998, ): 

Engineering Geological mapping accompanied with hydrogeological- 
hydrological observations. 

- Samples laboratory determinations of the physic-mechanical properties of 
soils and rocks of the slipping body and the bedrocks, as well as for further 
mineralogical and and petrological studies. 

- Mathematical modeling, landslide occurrence analysis and production of 
landslide susceptibility map. 

2A1. Geological mapping: to map the lithological types of rocks and their 
structure. He carried out through field surveys, combined with drilling, 
aerophotogrametric analysis, as well as laboratory determinations. Mapping is 
performed af different scales up to 1:2 000, depending on the mapping task. 
Survey network determined the scale of the mapping. Ex. for the map at the scale 
1:10.000 the survey grid should be 20 x 100 m, 10 x 50m for the scale 1: 5.000, etc. 
Should paid special attention for surveys of the disjunctive tectonics, karst 
phenomena development, as well as physical-chemical rock’s alteration. 

2A2. Geomorphological mapping: for separate types of the landscape and 
neotectonics development. In geomorphological maps classified sites according 
to their suitability for construction and waste collection. Classification can carried 
out in several classes according to stepness of the landscape surface: <3°; 3°-4°; 4°- 
5°; 8°-12°; and >12°. 


2A3. Hydrogeological mapping: by means of which there are data on the water 
bearing bassins of different types, for aquifer layers and their structure, the water 
content in the aquifer, the groundwater level and their chemical composition. 
There are studied ways of supplying water reservoir, the direction of movement of 
groundwater and assess their dynamics, determining the speed of water flow in the 
layer. 
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2A4. Engineering geological mapping: which provides data on the geological 
setting of the area, mainly on the relatively small depth lithology, usually 2 m, 5 m, 
10 m, or deeper, as needed, mapping lanslide areas and downfalls, and generally 
assess the slope's stability, are identified risk areas of soil liquefaction during 
earthquakes, and determined physico-mechanical properties of soils and rocks. In 
particular attention is devoted to determining granulometry and compression 
stregth of soils and rocks, classifying them into several classes. 

2A5. Laboratory determinations: In not destroy the samples samples determined 
physico-mechanical properties of rocks and soils, mineralogical - chemical 
composition and their pertographic peculiarities: 

Granulometric composition 

Plasticity 

Natural moisture 

Volumetric mass and sceleton volumetric mass 

- Specific weight 
Porosity coefficient 
Consistency indicator 
Angle of internal friction 

- Cohesion 

Compressional Module, Permitted Charge 
Mineralogical determinations, Petrographic study 

2A6. Borehole drilling: Drilling of boreholes made to obtain rock samples from the 
bedrocks, for the geophysical well logging, and hydrogeological surveys, as statics 
and dynamics water's levels, dynamics of the freatic and underground waters, their 
monitoring. 

2.5. Geodetic sun/eying; 

- Topographic detailed mapping and geomorphological surveys, 

- Setting of the geodesic markers, GIS levels and coordinates monitoring (Coe 

J.A. et al. 2000). 

Analysis of the surface deformation based on PSInSAR method in the 

landslide area. 

Borehole deflection records monitoring. 

2.6. Monitoring recoids 

Monitoring of the slope stability and the landslide dynamics should be carry 
out by a time-lapse complex methods: remote sensing observations and 
repeatable geophysical integrated surveys on landslide. 

Analyze of the time-lapse of the physical-mechanical properties of slipping 
body and fop of the bedrocks, the landslide monitoring represents. The monitoring 
center will have shallow boreholes down to the bedrocks. The hole-hole time - 
lapse seismic and geoelectric tomographies, and gamma-gamma density logging 
can be included in the surveys program. Consequently, slipping body between 
these boreholes will be object of periodically in-situ determinations of physical- 
mechanical properties, and mineralogical changes of the glide plane rocks 
through their influence in the underground waters. The natural seismic-acoustic 
activity inside and outside of slipping body has been observed for a continuous 
time of 5 seconds. 
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2.7. Consbuctive and environmental evaluations 

Based on results of integrated geological- geophysical-remote sensing and 
geotechnical investigations and evaluations, landslide monitoring, specific impact's 
effects of Climate Change on nature observations, studies on the flora in the sliding 
areas, anthropogeneous impact on geoenvironment, and risk assessment, can be 
prepared and presented the constructive recommendations for avoiding the 
natural risk, which can be possible. During the phase of planning infrastructural 
objects, landslide zones could be placed outside the areas planned for 
construction of infrastructural structures. Method of landslide rehabilitation it is 
necessary to develop. 

3. SLOPE STABILITY EVALUATION AND LANDSLIDE INVESTIGATION AND MONITORING 

USING GEOPHYSICAL DATA IN ALBANIA 

3. Discussion and Analyses 

There are analyzed some representative results from the investigation of 
slipping in Albania, which have been developed in different geological conditions. 
There are discussed the possibility of using geophysical studies to learn about the 
slipping phenomena and situation in the condition of the geomorphologic 
architecture of a mountainous country as Albania. The results of the geophysical 
data for in-situ evaluation of the physical-mechanical properties of the rocks in the 
unstable slopes is included in this analyze. 

3.1. Landslide at the lake shores of the hydropower plants. 

Hydrotechnical works in Albania are generally constructed in conditions of 
rugged terrain and in geological formations in which the land sliding phenomena is 
often present. The land sliding phenomena develops in the basement rocks and 
the overlaid loose sediments in lakeshores. This phenomenon has been more 
evidently activated after the construction of hydrotechnical works (Frasheri A. etj 
1997, 1998, 2000, Konomi N. et al. 1986). The exploitation period of more than 25 
years of such a huge hydrotechnical work has influenced to the physical- 
mechanical properties at various parts of this landslide. 

3.1.1. The Forava Landslide 

A study conducted in the Fierza hydropower plant, constructed over the 
Drini River in Northern Albania, is a clear example of it. This hydropower plant was 
build in 1974 and has an installed capacity of 500 MW. The lake, created after the 
construction of the plant, has a water volume of 2.7 billion m 3 . The hydropower 
plant consists of several complex hydrotechnical works. The main one is the dam 
with stones and a clay core, which has 165 m high and 500 m long. There are 
observed active landslides in the lakeshores of hydroelectric power plants, which 
represent a great geological risk at Porava village, about 2.5km from the dam (fig. 
3.1). This phenomenon has been more evidently activated when hydrotechnical 
works started to be used. During the exploitation period of more than 25 years, the 
huge hydrotechnical works influenced the physical-mechanical properties in the 
shore area and caused a series of landslides. According to geological data, 
gathered during the design period, Porava landslide has a slipping mass of about 
34 million m 3 (Dhame L. 1974, Frasheri A. et al. 1997, Mugo B. 1987, Radovicka P. etj. 
1976). 
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The studies have not only included the geological understanding of the 
shore's solidity but also the understanding of the landslides. They also include 
solidity-integrated calculations through the hydraulics patterns. For that, the body 
fall of the Porava landslide at different speeds (from 5-10 m/sec) was simulated. As 
calculating parameters were used the ones resulted from geological studies of that 
time. 



Fig. 3.1 . Porava Landslide area map, satellite view, and landslide impact 

on willage houses. 

In Fig. 3.2 is presented the detailed geoelectrical - engineering section. This 
section was compiled based on the date of the vertical electrical soundings. In 
that can be noticed the presence of the very heterogeneous electrical medium in 
strike and depth. There are two categories of geoelectrical borders in the profile. 
These are the primary borders, connected with the separation of the main zones of 
the slipping body (with that of the deepest plains 140-160 m deep and with that of 
the most superficial plane 20 m deep). These slipping plains have very different 
geoelectrical characteristics, because they have different geological properties. 
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The second category belongs to the secondary geoelectrical borders, which 
clearly express the changes and the heterogeneity that exists in these two slipping 
planes and in the environment under them. 

First of all, in these geoelectrical markers is expressed the full configuration of the 
sliding structure in the rocks of the volcanogenic sedimentary section. As a result of 
the slipping phenomena, these rocks have low, up to medium specific electric 
resistivity values (200 - 100 Ohmm). While the rocks located under the whole 
massive slipping body have higher specific electric resistivity values (in the furthest 
sector of the profile in the lake side 3000 - 3800 Ohmm and 1200 - 1400 Ohm in the 
sector located near the artificial lake of the Fierza hydropower plant). 
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Fig. 3.2. Geological (1974)(Dhame L. 1974 (a) and geophysical data (b) 

(1996) data comparison. 
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Fig. 3.3. Seismic engineering profile, Porava Landslide (1996). 

The most upper part of this slide’s body, represented by the deluvial-eluvial 
deposits, is very active today and has very law specific electric resistivity values 
(120 - 500 Ohmm). Houses and other objects of the Porava district are constantly 
damaged by this activity. 

The apparent geoelectrical heterogeneity in the strike of the profile, 
expresses the block kind composition that has in general this slide and it also gives 
an envision of the development of this slide in time. 

In fig. 3.3 is presented the seismic-engineering section in the same profile 
with the geoelectrical one. In this figure can be distinguished very well the upper 
part of the slipping body (the zone 25 m deep). In this section are very well 
distinguished the two seismic parameters (in the speed of the longitudinal and 
cross waves). The deluvial deposits have been fixed with Vp = 400 - 1200 m/s and 
Vs = 150 - 450 m/s values, while the eluvial deposits and the volcanic rocks of the 
most upper part, located over the slipped plane have Vp = 800 - 3880 m/s and Vs = 
350 - 800 m/s values. The volcanic deposits located below the first slipping plain 
have been fixed with Vp = 1400 - 3800 m/s and Vs = 600 - 1500 m/s. 

Based on the seismic parameters, the evaluation of the physical - 
mechanical characteristics of the rocks of this sliding body was carried out in strike 
and depth. In this seismic section and in the geoelectrical one, can be seen the 
block kind nature of the upper part of the slipping body and also of the lower part 
of this body in the basement volcanic rocks. 

By studying the natural seismic-acoustic activity, different recordings can be 
noticed in all the surveying zones. This shows that the sliding activity is different for 
different parts of the slipping body. The most dynamic zones of this sliding massif 
are located in places where the micro - movements have maximum intensity 
values. The Porava village is located in one of these zones. Because of this activity, 
many houses, and the soil is damaged and slopes have moved about 2 - 4 m within 
a 2 - 3 years period of time (1994 - 1996)(Photos, fig. 3.1). 
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In the detailed and integrated geophysical - engineering sections, can be 
noticed a concordance between the electrical sounding results and the seismic 
surveying ones, used for studying this slide. Also, in these sections can be 
determined sliding plains, their nature, situation and the content of the two parts of 
the slipping body. The most upper part is made of deluvial-eluvial deposits and 
reaches up to 20 m deep, above the first most dynamic plain of this zone. Under 
this lays the volcanic rock massif, locafed over the deeper plane of the Porava 
landslide (100- 160 m). This plain is determined and separates the block like sliding 
body from the volcanic rocks, which have not been touched by this sliding 
activity.) 

Based on the results of this integrated geophysical-engineering and 
geotechnical study result: 

1 . There could not happened an immediate fall af any speed of the Porava 
slipping body. 

2. Even in cases of powerful earthquakes, the slipping body mass can not fall as a 
whole, because it is made of broken up block masses. It can fall parts by parts 
or in fragments. Natural or inductive earthquakes of normal intensity, which 
happen often in this region, till now have not caused massive detachments of 
the slipping body. 

3.1.2. The Rag a mi Lanslide 

The typical landslide was developed at lakeshore of the Vau Dejes Lake of 
Hydropower Plant in Northwestern Albania (Fig. 3.5). It is developed in the ophiolitic 
formation represented by serpentinized rocks. The slipping body represents a big 
mass of serpentinite, which is eolated, destroyed and covered by a thin layer of 
deluvium. According to the geological survey in 1992, the landslide did not exist. 
Landslide has been significantly developed during the last ten years (Fig. 2.7). The 
yearly movements of water level at Vau Dejes Lake caused a big landslide at 
eolated, weathered and destroyed serpentine rocks. Slipping body increased in 
the extent and in the volume substantially during this period. The front part of the 
slipping body is located along the shores of the lake. This part has the shape of a 
scarp about 2 -3 m high, and represents a destroyed, schistose serpentinite, partly 
in a form of mylonite (Photo in fig. 3.5) (Frasheri A. et al. 1996, 1989). 

In fig. 3.6 -a, b are presented the integrated geophysical - engineering 
sections of the slipping body. Two main sliding plains separate this body. These 
plains are broken up. The first plain is at depths of 5 - 7 m, while the second one 
reaches up to 22 m. The lowest part of the second plain touches the lake, under 
the water level. In this way, the sliding body has a block like nature. The physical - 
mechanical properties of the rock massif of the slipping body are lower than those 
of the basement rocks, not touched by the sliding phenomena. The micro 
movements in the slipping body are very intensive and have a wide frequency 
band, while outside the body there is no such activity (Fig. 3.7). 
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Photo of the Ragami landslide area, andf front of the 
body, represented by mylonite serpentinites (b) 


Fig. 3.5. Topographical sketdh of Ragami Landslide area (1989; 1996) 
Landslide body contours, respectively, and satellite view. 
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Transversal profile 


a 2fl 4 Qth 



Longitudinal profile 

Fig. 3.6. Engineering integrated geophysical section of the Ragami 
landslide. 

Three failures in different superficial levels can be observed in this landslide: 

• The first one 35 - 45 m from the shore, with a horizontal dislocation of about 2 m. 

• The second one about 70 - 90 m from the shore, with a vertical jump of about 2 
m. 

• The third one about 1 15 - 130 m from the shore. This is the newest level and has 
the lowest amplitude. 

The physical-mechanical properties of the slipping body are lower than 
those of the basement rocks, not touched by the sliding phenomena. 
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Physical-mechanical properties of rocks in the area of Ragami Landslide are 
presented in Tables 2.1 and 2.2. 

PHYSICAL PROPERTIES IN LANDSLIDE’S AREA 

Tab. 2.1 


Layer 

Number 

Thick-ness, 
in meters 

Resistivity 
in Ohmm 

Density, 
in g/cm 3 

Wave Velocity, 
in m/sec 

Lithology 





vp 

Vs 


SUPPING BODY | 

1 

0.7 

76.4 

1.34 

210 

160 

Deluvium 

2 

4.0 

29.5 

1.61 

540 

230 

Breaking serpentinite 

3 

6.5 

46.5 

2.45 

3700 

680 

Water-bearing 

serpenti-nite, 

4 

17.4 



1500 


Breaking serpenti-nite 

BEDROCKS | 



485 

2.56 | 

3500 1920 Serpentinite 


MECHANICAL PROPERTIES IN LANDSLIDE’S AREA 

Tab. 2.2 


1 . 

Layer 

Number 

Poisson’s 

Ratio 

Dynamic 
Modulus of 
Elasticity, Ed s 
in *10 5 
kg/cm 2 

Rigidity 

Modulus 

G, 

in *10 5 kg/cm 2 

Volume 

Compre- 

ssion, 

a, 

in *10 5 
kg/cm 2 

Rock state 

SLIPPING BODY 

1 

0.35 

0.00370 

0.00140 

0.00420 

soft rocks 

2 

0.39 

0.02413 

0.00868 

0.03630 

Destroyed, shattered rocks 

3 

0.48 

0.56586 

0.19167 

3.26503 

Cleavages and fissured rocks 

4 


0.26325 

0.09608 


Destroyed, shattered rocks 

BED ROCKS 


0.29 

2.46271 

0.96199 

1.91408 

Compact rocks 


As documented in Tables 2.1 and 2.2, four layers with different physical- 
mechanical properties create the slipping body. First layer represents the deluvial 
cover. Layers 2 and 4 are represented by destroyed-shattered serpentinite. The 
third layer in between is characterized by low electrical resistivity and low shear 
waves velocity. It corresponds to the water saturated cleavages and fissures in the 
serpentinite. 



Outside of slipping body Inside of slipping body 
Fig. 3.7. Natural seismic-acoustic activity in the Ragami landslide area 
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After the analyze of geophysical investigations in Ragami landslide, have been 
concluded: 

1. Thick and high volume slipping bodies represent the Ragami active landslide in 
the shore area of the Vau Dejes Lake. 

2. The extent of the landslide and the position of sliding plains were precisely fixed 
using the integrated geophysical survey. 

3. The block-like character of the sliding bodies brings to the conclusion that the 
block of these bodies can not fall down immediately in any kind of velocity. 

3.2. Landslide in the Oligocene flysch formation. 

There are instable mountain and hill slopes, slipping of rocks masses, 
sometime of great sizes and catastrophic results. In some cases even villages or 
parts of villages were destructed, as Guri Zi in Elbasani region, Moglica in Devolli 
River region, Gjyras in Maliqi region etc., and without mentioning the blockage of 
auto-roads and railways. 

3.2.1. The Banja Landslide 

This slide was created when the derivation tunnel of the Banja hydropower 
plant was dug. It was developed during drilling in the flysch formations of 
Paleogene (Fig. 3.8). The high content of thick sandstone layers, dipping according 
to the relief, is very characteristic for the flych section. This landslide completely 
ruined the derivation tunnel built till that time. 

In fig. 3.9 is given the integrated geophysical - engineering section along the 
Banja slipping body. The maximum depth of the strike of the sliding mass is 22 m (in 
the center of the profile). The geoelectrical characteristics of the slipping body are 
very distinguishable from those of the flysch formation located outside the slide. The 
same thing is for the spreading velocity of seismic waves. The slipping body is very 
heterogeneous and is made of different blocks. 



Fig. 3.8. Banja Landslide 
area, July 1978 



Legend 
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Legend 

| | Diluvum, silfetan-e, fe istivity 10-20 Oh mm 

| | Flysch, slipping block, resistivfcy 30-40 Ohmm 

| | Sandy flys ch. slipping Hoc*. rE&is tivity 50 Ohmm, Vp=1 ODD -3-D DO m/sec 

| | S-andy flys ch. slipping blod< . res is tivity 50-130 Oh mm. Vp =45-00 m/stc 

| | Flys ch. bed rocs , res istivity 1 0-20 Oh mm, V p=41 DO m/sec 

| | San dy flys ch. bed rock . resistivity 10-50 Ohmm, Vp=OODO nv'sec 

Fig. 3.9. Geophysical section, Banja landslide 
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This slide was characterized by a very intensive dynamic of the movement of the 
sliding body mass. For about one month, a sliding mass of 17 000 m 3 was displaced 
about 5 - 7 m, according to geodesic markers. This dynamic is also expressed in the 
natural sismoacustic activity. Inside the sliding body predominate higher 
frequencies than outside it (Fig. 3.10). The micro - movements have an amplitude 
many times higher. 


NORMALIZED SPECTRA OF SEISMO ACOUSTICS ACTIVITY 
BANJA LANDSLIDE 



0 M 1« 1H 300 350 300 3W JOO J50 500 Hz 
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Fig. 2.10. Normalized spectra of seismoacoustic activity, Banja Landslide 

3.3. Landslide in the Neogene's molasses foimations. 

Landslides in the Neogene’s molasses are located in several Albanian zones, 
with different sliding body mass. 
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Du me si landslide 

Durresi city area is characterized by a presence of neogene molasses 
formation (Fig. 3.1 1) (Frasheri A. 1987, Hyseni A., et al, 1976, 1986, Leci V. et al. 1986): 
sandstone-clay Tortonian deposits, clay, sandstone interbeds and lens, and gypsum 
debris and blocks Messinian deposits, and silty clay of. Pliocene Helmesi Suite (N 2 H ). 
Durres structure is asymmetric top part of the big anticline. Western anticline limb 
has a dipping about 20-30°. Eastern flank is tectonically abrupt and has a dipping 
45-55°. Top Durresi anticline is located about 1 600 m at the west of the coastal line. 

Part of Durresi city is located over the Neogene’s molasses hills (Photo 4.6). 
The Pliocene clay slope at southern part of the Durresi hills is unstable. There the big 
landslide activity is observed. Over this slope have been constructed many 
buildings. Actually, in several buildings have observed wide wall craks (Fig. 3.12) 



Fig. 3.11. Subsidence of the villa walls, caused by landslide 



Photo 3.12. Cracks in the villa walls and transversaly of the road 


20 



915 


3A Downfalls in the weathered roc ks 


Kruja Castle 


The Castle of Kruja is the symbol of the culture and Albanian history. This castle is 
related with the most glorious epoch of the Albanian National Hero Skanderbeg 
(Fig. 3.13) (Frasheri A. et al. 1997). 


Fig. 3.13. Downfalls in the Kruja 
Hill. 



Many excavations have been conducted up to present, aiming at bringing out the 
interior part of the Castle and the clock tower. The surrounding walls have been 
completed with a museum structure as the Museum of the National Hero, where 
every visitor gets acquainted with one of the most remarkable moments of the 
Albanian history. In 1995, the Castle, which was considered relatively safe, was 
“shaken up” under the Gjergj Kastrioti Skenderbeg Museum. The downfall occurred 
after a period of heavy rainfall, characterized by heavy showers and a rapid 
decrease of temperature. The overnight downfall of the large detached masses of 
about hundreds of cubic meters was unexpected. Now the ground has started to 
deteriorate and at the sides of the castle, in some places is developing a process 
of collapse. This is a well known phenomena for this Castle. The deterioration has 
also continued during 1996-1997 though the detached rocks have been smaller in 
size. 


Geophysical surveys have been carried out for ground investigation. The 
results of the surveys are presented on the geoelectrical-geotechnical section 
(Fig.3.14). 



Fig. 3.14. Physical Engineering Section, Kruja Kastel Area. 
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It can be seen on the section that the rock massive, where the Castle was 
constructed, is composed of breccia-conglomerate formation. The breccia- 
conglomerate formation onlaped on the Oligocenic flysch section. The upper part 
of the flysch section around the Castle is covered by deluvium, H4 m thick. Under 
the deluvium lays the weathered layer. The breccia-conglomerate massive, where 
the castle was constructed, consists in 3-4 main layers, which, in extension have 
different thickness and are heterogeneous. The layer that attracts the attention 
more is the third geoelectrical layer, which is located at a depth of 3-24 m. Its 
resistivity varies between 300-900 Ohmm, which is significantly less than those lying 
over and under that. This layer, generally is characterized also by smaller velocities 
of longitudinal and transversal seismic waves, which vary between V p i = 500-1800 
m/sec and Vsi = 400-830 m/sec, meanwhile the layers lying under it have a velocity 
of the range 2300-3100 m/sec and 870-1050 m/sec respectively. The dynamic 
module of elasticity of the first seismic layer varies between the limits 390-1400 
kg/cm 2 , which apparently has a very low value. The statistical analysis of the 
samples of the volumetric mass resulted in a large distribution of this property. The 
minimum values vary from 2,12 g/cm 3 4 to a maximum of 2,45 g/cm 3 . These indexes 
underline the fact that in the surveyed centers we are in the presence of a 
breccia-conglomerate layer heavily destroyed, containing a large quantity of 
saturated clay, though in a very weak state. 

The observation of the natural seismic micro noises has shown that the 
breccia conglomerate rock massive has a noise level 2-8 folds higher than in the 
flysch profile touching along side this massive. This shows that the systematic 
destruction of the massive is in a continuous process. Inside the rock massive, the 
seismic micro noises increase towards its outskirts. 


2.3. Conclusions 

Based on the above analyses can be reached the following conclusions: 

1 . Geophysical-engineering studies have a triple character: a) to study the soil of 
the landslide area, b) evaluation of in-situ physical-mechanical properties of soils 
and rocks and c) in-situ monitoring of landslide phenomena. 

2. In the profiles, where integrated geophysical surveys have been conducted, 
were fixed the bodies of the studied landslides. In these profiles were also clearly 

fixed the gliding plains. In general, even though the geological conditions in which 
these slides have been developed are different, the plains have regular 
configuration, with maximum deepness in the center of the profile. 
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Abstract 

The general cascade impact of the climate change on Albanian Adriatic Littoral: decreasing country 
water resources, influence on the hydrographic regime of Adriatic Sea and on ecosystems are 
presented in the paper. The study is based on the results of inversion of 6 thermologs data for the 
ground surface temperature history in Albania, and climate change according to the multi annual 
meteorological data from different regions of Albania. The wells and the meteorological stations are 
located in Sedimentary Basin of Albania, at the field region in the west of Central Albania and in the 
ophiolitic belt in the mountainous region of the northeast Albania. 

Based on inversion data at coastal plane western region of Albania, GST history presents a gradual 
cooling before a middle of the 19th century, followed by 0.6 K warming. Climate warming of 0.6 K in 
the 20 th century is observed also in mountainous northwestern Albania. This warming mainly after the 
second half of the 20 th century is presented also by meteorological data: temperature, rainfall, and 
wind regimes. 

There are estimated continental water flow, created by atmospheric rainfalls. Impact on processes of 
the forming and circulation of the Adriatic Sea water mass has been analyzed by particularly attention, 
for wet and dry years are analyzed. Estimation of run-off discharges is carried out for two categories of 
river basins: first, for river systems, where run-off discharge is computed as a function of the altitude of 
water level river section. Second, for the water system of Scutary Lake-Drini River-Buna River, which 
is very complicated and is the single in Mediterranean Hydrography. 

The warming impact on country climate, and ecosystems of Albania, thermal stress in the wetlands, 
lagoons and lakes have presented in the paper. Impact it is observed first of all on the biodiversity. 


Keywords: Ground Surface Temperature, Climate Changes, Hydrology, Hydrographic System, Adriatic 
Sea, Environmental Impact. 

1. Introduction 

Processes of the forming and circulation of the Adriatic Sea water mass, as is well known, presents a 
discussible phenomenon of the Mediterranean oceanographic dynamics. One of the main factors, 
which have determined these processes, is water discharge from the Albanian Hydrographic System 
into Adriatic Sea. Analyze of the factors that conditioned water discharge and their impact on Adriatic 
Sea Hydrology are presented in the paper. 

Climate, geomorphology, lithology and geographical situation of the Albanian Hydrographic Network 
Catchment, are caused their impact on the water discharge from Albania into Adriatic Sea. Its impact 
has been observed on some directions: 

• Country climate change, 

• Water systems and water resources changes. Impact of inland water resources changes on the 
hydrographic regime of the Adriatic Sea. 

• Mechanism of the forming and circulation of the South Adriatic Sea water. 

In the first part of the paper is presented detailed analyzes of the climate change in Albania. Albania 
lies in a subtropical zone. It is a Mediterranean country. Winter is relatively short and mild, humid near 
the seaside areas. Summer lasts very long and it is hot and dry. To the east, in the mountain areas, 
the climate is Mediterranean mountainous. The climate in Albania varies from a region to the other, 
according to the location compared with the seaside, to the seasons, years, and centuries. The ground 
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temperatures are conditioned by geographical position of the area, area’s geology, and ground 
lithology, dynamics of the underground waters, meteorological conditions, and season. The climate 
change studies, are based on geothermal inversion results and meteorological observation data.. 
There is analyzed the ground surface history (GSH) and paleoclimate change according to the 
temperature measurements in the different wells in Albania. Climate changes during the last half of the 
XX century has been analyzed also based on the meteorological data. 

There are estimated continental water flow, created by atmospheric rainfalls and its impact on 
processes of the forming and circulation of the Adriatic Sea water mass has been analyzed. 

According to the complicated nature of the Albanian Hydrographic System, in the second part of the 
paper, is presented the Albanian Adriatic Littoral hydrology, and geological setting. In the last part of 
the paper the observed integrated factors of the coastline evolution are analyzed. 


2. Material and methods 

Climate change are analyzed in two directions: firstly by temperature record in the deep wells and 
shallow boreholes, and secondly by the meteorological observations data. The ground surface 
temperature reconstruction for long period, about 5 centuries, has been performed by estimation of the 
ground surface temperature changes at the past, according to the present-day distribution of the 
temperature at the depth, recorded in the borehole. The study of geothermal field of Albania has been 
carried out based on the temperature logging in the wells and boreholes (Qermak, V. et al 1996, 
Dimitriev V. I. et al. 1997, Frasheri, A. and Cermak, V. et al. 1995, 1994, 2004, ). Six thermoplots were 
used for inversion of the ground surface temperature history, which are located at the plain region in 
the west of Central Albania, and in the mountainous region of the northeast of the Albania. 

Air and ground temperatures, total annual rainfall quantity, wind speed and wetness, which are 
analyzed by records in Meteorological Stations. These stations are located in different plane regions 
(Shkodra, Tirana, Kugova and Fier) and in mountainous region of Albania (Kukes), where the 
investigated wells are situated (Albanian Climate, 1978, Borigi, M. and Demiraj E. 1990, Gjoka, L. 
1990, Mici, A. et al 1975, the data for 1985-2007 after Mustaqi V.). 

Water potential of the Albanian Rivers System have been evaluated by a specific way, because this 
System is very complicated (Pano N. 1974, 1984, 1998, 2008). This network has a surface of 43 305 
km 2 , where 28 500 km 2 is inside the Albanian state territory, and water of the Albanian river system 
discharge into Adriatic and Ionian Sea. Albanian River System represents in general a mountainous 
hydrographic network, with an average altitude 785 m above the sea level. Part of Albanian 
Hydrographic Network are lake system, Prespa-Ohri, and Scutary with a surface from 270-365 km 2 . A 
karstic phenomenon is very intensive in the limestone formation, which is extended in great surface of 
the country. 

Water potential evaluation of the Albanian River Basin based on the multi annual archival data of the 
Albanian Hydrometeorological Institute of the Academy of Sciences. The monitoring network has more 
than 22 meteorological and hydrometric stations, during the observed period 20-100 years. 

The methodology of the estimation of the water potential, have calculated the annual run-off discharge 
of the Albanian River System according to the corresponded types of the water supply, structure of the 
annual discharge distribution, and hydrogeographical types of the river catchment. Estimation of run- 
off discharge (Qi) are performed for two categories of river basins, with different hydrographical and 
hydraulical natural conditions: 

a) . Water system: Scutary Lake-Drini River-Buna River), where the run-off discharge Qi is computed 
by Qi= F(Hj,Q|), where Q| represent the discharge of the lateral source.. 

b) . Drini, Mati, Ishmi, Semani , Vjosa River systems, etc), where the run-off discharge Qj is computed 
by Qj-f(Hi), where H r level in the river Qj=f(Hi), where Hj is altitude of the water level river (i) section. 

All modeling and calculations have been performed for the model of dry and wet characteristic years, 
to analyze the climate impact on Albanian Hydrographic System. 

Processes of the forming and circulation of the Adriatic Sea water mass have analyzed based on 
hydrographic data and Results of Albanian Marine Expeditions — Sranda 1963”, — Patos1964” for the 
wet years (Pano N. 1974), and Italian-Albanian Expeditions — Italicd and II, 2000 and 2001” for dry 
years. 
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Integrated geological-geophysical: onshore surveys of the Albanian littoral areas have begun since 
1958. Offshore geological-geophysical surveys on the Albanian Adriatic shoal shelf have started from 
1976 (Frasheri A. 1987, 1994, Frasheri et al. 1991, Geological Map of Albania 1983, Led V. et al. 
1986, Papa A. 1985). 

3. Results and discussion 

3.1. Climate change 

The ground surface temperature reconstruction of the thermoplots of Kolonja-10 and Arza-31 deep 
wells, which are located at coastal plane region of western Albania, are shown in fig. 1. As it is seen in 
this figure, the GST history yielded by tighter inversion of Ko-10, presents a gradual cooling of 0.6 K, 
before a middle of the 19 h century. Later followed by 0.6 K warming, with a gradient 5.4 mK/years, 
that seems quite reasonable and is consistent with generally accepted ideas about the climate of the 
last 2-3 centuries. On the contrary, the paleothermal history, obtained from Arza-31 well, presents a 
monotone warming of 1,7 K, by a gradient 5.7 mK/year, during the 17th and 19th centuries. This trend 
of the warming has only explanation caused by a deforestation of the area and presence of the paleo- 
swamp. 

Fig. 2 shows a GST history of VI-1127, Gurth-595, Krasta-1 and Ragam-168 boreholes, which are 
located in the mountainous regions of Northeast Albania. Some changes are observed in these 
regions as to the cooling of 0.2 K during the 19 th century. Later, the warming trend of 0.6 K during the 
20' h century, by a gradient 6.7 mK/year. Warming gradient increasing at mountainous regions, in 
comparison with coastal areas, is caused by intensive deforestation during the last half of 20 th century. 

Climate changes in Albania are observed also by the hydrometeorological studies. Fig. 3 presents 
graphics of yearly average temperature of the air in Tirana and Shkodra Meteorological Stations, for 
the period from 1931 to 2000. As well known, Tirana is located in Central Albania. In general, the end 
of first observes half 20th century, a warming of climate, about 1°C. Thirty quarter of 20 th century is 
characterized by a cooling of 0.6°C, and later, up to present a warming of 1.2°C. The same climate 
changes are observed also at Shkodra City, in northwestern plane area of Albania. 

The cross correlation coefficient is C c = 0.78 between variation curves of the average annual 
temperatures of both of these stations. Warming trend of maximum 1.2°C, in particular after seventy 
years, is observed in all Albanian territory (Fig. 4). 

There are good cross correlation between variation curves of the average annual temperatures of 
Shkodra, Tirana and Kukesi, respectively C c = 0.78 and 0.79. Weak cross correlation C c = 0.58-0.68 is 
observed between temperature variation of the Kugova area and other northern regions. 
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Figure 1. Ground surface temperature history according to thermoplot of Ko-10 and Arza-31 wells 
(According to the Safanda, J. calculations). 
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Figure. 2. Ground surface temperature history according to thermoplot of VI. -11 27, Gurth-595, Krasta- 
1 and Ragam-168 boreholes (According to the Cermak, V. and Safanda, J. calculations). 

This phenomenon presents the influence of the local character of the climate changes of Kugova area. 
Warming of the soil is more intensive than air warming (Fig. 5). 
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Figure 3. Air Average Annual Temperature Variation at Tirana and Shkodra 
Meteorological Stations (Period 1931-2004). 1- Tirana; 2- Kukesi; 3- Shkodra; 4- Vlora 



Figure 4. Cross-correlation of the Air Average Annual Temperature variations at Shkodra, Kukes, 
Tirana, Kugova and Fier Meteorological Stations (Period 1950-2000). 
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Figure 5. Air and Ground Average Annual Temperature Variation at Tirana Meteorological Station. 


The meteorological data shows that the warming trend is not a monotone one. In short intervals are 
observed cooling and warming (Fig. 3, 4, 5). The meteorological studies have verified warming of the 
climate during the last quarter of the XX th century, too. It has been consisted that: — Anond the 1980’s 
a warming trend is observed” (Borigi M., Demiraj E. 1990, Demiraj E. et al 1996). 

The warming period in Albania is accompanied with changes of the rainfall regime., wind speed and 
wetness. There are observed a decreasing of the total year rainfall quantity, for about 200-400 mm. 
(Fig. 6, 7,8). 
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Figure 6. Total year rainfall quantity of the Tirana and Shkodra Meteorological Station (Period 1930- 
2007). 
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Figure 7. Cross correlation of the Total Year Rainfall Quantity of the Tirana, Shkodra, Kugova, Korga, 
Kukesi, Gjirokaster, Vlora Meteorological Station (Period 1930-1970). 
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Figure 8. Total Year Rainfall Quantity in the most dry and wet year, respectively, of the Shkodra 
Meteorological Station (respectively 1907 and 1960 years). 

In the dependence of the geographical location of the areas changes the cross correlation of the 
rainfall quantity: Tirana area with Shkodra area C c =0.62, with Korga C c =0.81 , Kugova C c =0.66, Kukesi 
C c =0.88, Gjirokaster C c =0.88, Vlora C c =0.53, during the period of 1930-1970. Fig. 8 is presented the 
difference of the total year rainfall quantity in the most dry and wet years, respectively 1907 and 1960. 
The warming have accompanied with decreasing of the wind speed about 1.5 m/sec and 5% 
increasing of the wetness, during the period of 1950-1994 (Fig. 9). 

This warming is part of the global Earth warming during the second half of XX century. Its impact has 
been observed also on water systems and water resources. Inland water resources change has its 
impact on the hydrographic regime of the Adriatic Sea, and particularly in the Albanian Adriatic Littoral 
(Frasheri A. & Pano N. 2003). Ecosystems, and biodiversity, in the particularly in the water’s flora and 
fauna. Temperature augmenting has caused increasing of the evaporation in the water systems. 
Consequently in the river system, reservoirs, wetlands, lakes and lagoon system has been observed 
thermal stress. In very beautiful ecosystems of Albanian lagoon thermal stress has its impact, first of 
all on the biodiversity. This stress is extended also in the shallow coastal waters; consequently there 
are observed diminution of the fish quantity. 
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Figure 9. Air Average Annual Temperature, Total Year Rainfall Quantity, Wind Speed and Wetnees 
Variations, at Shkodra Meteorological Stations (Period 1950-1994). 


3.2. Discussion about the climate change impact on the Albanian Adriatic Littoral 

The Albanian coastal area lies from Velipoja to Vlora bays. Adriatic coastline is lies over the Neogene 
Peri-Adriatic Depression, covered by Quaternary deposits. Flattened accumulative coast is general 
characteristic of this coastline. There are also some hilly marine caps with cliffed coast. The caps are 
located in the sectors where the Neogene structure of the Peri-Adriatic Depression are abrupt by 
coastline and continues in the Adriatic Sea, old river deltas or mouths and submarine coastal bar. In 
fig. 10, 11, 12, and 13 are presented the geomophological evaluation and hydrographic regime of the 
different characteristics zones of Albanian Adriatic Littoral (Pano N. et al. 1974, 2003, 2004, 2006, 
2008, Simeoni U. et al. 1999, Shuitsky Yu. D. et al. 1999). 

1) Mouth of Buna River at the north to Rodoni Cap coastline. This unit has a length about 60 km 
and consists for almost 90% of beaches fed by fluvial imputes. The remaining 10% is clifts. Four rivers 
outflow within this area: from north to south Buna, Drini, Mati and Ishmi rivers (Pano N. 1998). 

2) Rodoni Cap, Durresi Bay up to Shkumbin River mouth coastline. Cape Palles, Cape Selites, 
Lalezi Bay, Durresi Bay and Shkumbini River mouth are main sectors of this littoral area. Lalezi Bay 
has a length of coastal line of 32 km, and 65% consists of sandy beaches fed by the sediment load of 
Erzeni River. The remaining 35% consists of rocky cliffs. Durresi Bay has a length of 35 km from 
Palles Cap to the Selites Cap. Main part of the bay littoral, about the 54% of their length, by sandy 
beaches is presented. Frequently, with dune ridges, vegetate by pine trees, there are extended. 

3) Shkumbin-Seman-Vjosa rivers mouths up to Zverneci hills coastline, is located in southern 
part of Central Albania, and have 40 km length. It expands in the western part of Ardenica and Divjaka 
hills. Karavasta Bay and Karavasta Lagoon are also part of this littoral area. From the geological 
viewpoint, this territory represents a new soil, constituted at the end of Pliocene and during 
Quaternary. The coastline in this region has a very intensive dynamics. 

4) Vlora Bay, is represented southeastern edge of Otranto Strait. The Upper Cretaceous- Triassic 
limestone mountains are encircled southwestern and southeastern shores of the bay. In the north, the 
mountain chain is continued with Neogene’s deposits hills. 
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Fig. 10. Geomorphological Scheme of Albanian Adriatic and Ionian Seas coastline. (Digital Terrain 
Model, National Geophysical Data Center (NGDC), Geodas database, 2005. 

1- Accumulative coastline; 2- Erosion coastline; 3- Submerged littoral zone; 4- Shoal shelf area with 
sand deposits; 5- Flat shelf area with sandy-silt deposits; 6- Inclined shelf area with muddy silt and 
deposits; 7- Continental slope with argillaceous sediments; 8- Isobaths; 9- Western flank of the South 
Adriatic Sedimentary Basin. 
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Fig. 11. Geomorphological Evolution view of the Drini Bay-Durresi Bay coastline in the Albanian 
Adriatic Littoral after satellite images of the period summer 1977 & 2002 (Global Land Cover Facility 
Landsat, 2005; the neotectonics active reverse faults & thrusts (after Aliaj Sh. et al. 2000). 

1- Active reverse fault & thrust; 2- Dextral strike-slip; 3- Sinistral strike-slip; 4- Old Mati River bed; 5- 
Wetlands; 6- Erosion and marine ingression; 7- Lagoon extension; 8- Coastal deposition; 9- Lagoon 
surface diminishing. 
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Fig. 12. Geomorphologic view of Shkumbini River- Vjosa River mouths coastline after satellite images 
of the period August 1981 & July 1989 & October 2001 (Global Land Cover Facility Landsat, 2005; the 
neotectonics active reverse faults & thrusts (after Aliaj Sh. et al. 2000). 

1- Active reverse fault & thrust; 2- Dextral strike-slip; 3- Sinistral strike-slip; 4- Old Shkumbini River 
bed; 5- Coastal deposition with predecessor erosion; 6- Coastal deposition; 7- Coastal erosion; 8- 
Submerged littoral area. 
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Fig. 13. General Evolution view of the Vlora Bay after satellite images of the period August 1981 -July 
1989-October 2001 (Global Land Cover Facility Landsat, 2005; Neotectonics active reverse faults & 
thrusts (after Aliaj Sh. et al. 2000). 

1- Marine shoal with sand deposits; 2- Littoral with sand beaches; 3- Rocky coastline; 4- Alluvium flow; 
5- Marine current direction; 6- Accumulation area; 7- Erosion area; 8- Southern edge of the sediment 
replacement; 9- Active reverse fault & thrust; 10- Sand; 11- Old Vjosa River bed; 12- Filling coastline; 
13- Erosion coastline. 
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The water potentials of Albanian rivers system is Wo = 41,249.10 9 m 3 . The discharge of the Albanian 
rivers into the Adriatic Sea varies in very wide limits, from Q o =700-850 m 3 /s for the hydrological years 
of a lower precipitation to Q o =1850 2150 m 3 /s for the years of a higher precipitation (Pano N. 1974, 
1984, 2008). The volume of suspended material, which is transported through river network, is 65,7. 10 6 
ton/year, while the turbidity Q 0 =1 260 g/m 3 (Pano N. 1984). The river suspended matter deposits itself 
the river mouth in the Adriatic Sea. This process is very dynamic, making the Albanian river’s mouths 
very active. Many changes of the riverbeds position formation of the coastal lagoon, etc. are observed 
time after time in these mouths. The wind regimes, wave refraction, sea currents, littoral sediment 
transport, have determined the general dynamics of the change of the Albanian coastline (Pano N. 
1994). The period with the wave height of H 1 =(0, 1-0, 2)m represents about 80% of the general cases, 
while the height of H=(0.2-4.5)m about 20% of them for the average multi annual year. The highest 
waves have a direction from Northwest to West and a maximum wave height about h=3.5-4.5 meters 
near shore (Pano N. et al. 1974, Mege B. 1978). Sea level has an average daily amplitude 0,30-0,40 
meters and a multi annual maximal amplitude h=1 , 1 4-1 ,53 meters. The winds in the Adriatic Sea 
change their direction and speed during a year period as a result of the typical Mediterranean climate. 
Intensive winds with their maximal speed of 40 - 45m/s particular of NW, W and SW direction were 
observed in the coastal area. Winds with varying speed form 10 to 20 m/s, have a bigger frequency on 
waving process. The average annual temperature of the water varies from t=17,7°C in Shengjini to 
19,2°C in Saranda bays (Albanian Climate (Tables), 1978, Mici A. etc. 1975). 

Adriatic coastal line from southern city Vlora up to Shengjini Bay, in the north, have the marine 
accumulation flattened littoral, the marine erosion coast, and the submerged areas, where is observed 
marine ingression toward the mainland. In some areas there is cliffed coastline (Aliaj Sh. 1989, 1998, 
2000, Aliaj Sh. et al. 2000, Frasheri A. 1987, 1994, Frasheri et al. 1991, Geological Map of Albania 
1983, Led V. et al. 1986, Papa A. 1985).. Evolution of Albanian Adriatic coastline has a very intensive 
dynamics. There is observed old and present shoreline migration up to 5-10 m/year, during the period 
from 1918 up to present (Borigi S. 1981). According to submarine geological mapping and 
geoelectrical survey data, has been determined that marine deep erosion is developed in 
accumulation littoral of Adriatic shoal. The sandstone banks have been mapped in western submarine 
anticline limbs. 

Accumulative areas that represent main part of the Albanian Adriatic Sea Littoral are extended over 
the edge of western Albanian plains (Fig. 10). This littoral is characterized by presence of the different 
Quaternary (Q) deposits genetic types (Aliaj Sh. 1989, Frasheri A. et al. 1991, Leci V. et al. 1986, 
Papa A. 1985, Leci V. et al. 1986, Ostrosi 1977). Marine Quaternary littoral deposits, presented by 
fine, medium, and coarse gray — white, gray-yellow sand, silty clay and mud interbeds present marine 
Quaternary littoral deposits. Interbeds thickness varies from 1-10-15 meters. Very beautiful sandy 
beaches are extended from Drini to Vlora Bay. At the present time the shore sand knolls have a length 
up to 4-5 km, width 35-80 m and some meters highs. At the northern bays, the coarse sand is 
predominated. Toward the southern part of Adriatic coastal line, fine and medium sand are 
predominated. This sand belt are composed by two or three parallel onshore dunes. Towards the flat 
shelf depression, up to -100m depths, the sandy-silt sediments are representative. In inclined shelf 
area, up to -200 m depths where are also some submarine hillocks, the muddy silt deposits are 
distributed. Continental slope by argillaceous sediments is characterized. Lithological changes from 
the shore to the continental slope area are gradually. There are observed some peculiarities, of river 
solid load distribution in shelf area, conditioned by marine currents. Filling process is intensive, 
generally, in river mouths. In these accumulative coastline areas there are some relatively small 
erosion sectors, which are located at the river mouths. In the shoal shelf zone, at the alluvial sea floor 
are observed the sandy splits. Marine deep erosion zones were developed over some sectors in 
accumulation littoral of Adriatic shoal. These zones are located in the uplifted side of the active 
reverse fault & thrust. The capes of the molasses bedrocks of the littoral anticlines of the Periadriatic 
Depressions have represented the erosion configurations of the Albanian Adriatic sea coastline (Fig. 
10). In the Abanian Adriatic Littoral are observed some submerged areas, where is observed marine 
transgression toward the mainland (Fig. 10). Submerged process is caused by the neotectonics 
activity, consequently there are observed a marine transgression. Lagoons have a total surface of 
about 150 km 2 ’. Albanian lagoons represent crypto-depressions, with the floor under the level of the 
sea’s bottom. 

In the Albanian Adriatic Littoral are observed integrated factors of the coastline evolution: 
neotectonic’s, erosion by marine currents and accumulation of the solid river discharge and eroded 
shore sediments that have directly an climate change impact. This factors complex has caused 
important changes on the coastline geomorphology, marine shoal and littoral landscape (Bogi S. 1981, 
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Pano N. 1994, Simeoni U. et al. 1997, Shuitsky Yu. D. 1999). There we are analysed three most 
representative areas: 

Drini Bay. Intensive change dynamics, Viluni Lagoon and Shengjini portal town characterized this 
littoral area. The decreased sediment load of the Drini River, caused by its diversion into the Buna, 
has triggered coastal recession between Shengjini and Tale, with greater intensity on the southern 
lobe of delta (Photo 1 ). Moving southwards, the coast becomes part of the sedimentary system of Mati 
River (Fig. 11). The coastal area between Tale and Patok can be considered as having a positive 
sediment budget (Pano N. 1998). 



Photo 1 . View of Mati River discharge in Adriatic Sea. 

Karavasta Bay. The Seman and Shkumbini rivers are the main source of coastal sediments in 
Karavasta Bay. In ten last years, the coastline has advanced some hundred meters. Semani River 
mouth has changed in position in the last centuries six times and this displacements have covered on 
area of the littoral about 15-20 km long in a direction North-South; South-North during period 1870 to 
present days. In these conditions in the coast area there are two important sources of coastal 
sediments: the actual rivers mouth and the olds rivers mouths (Fig. 13). 

Vjosa River Mouth-Vlora Bay. The general evolution map of coastline in fig. 14 is presented. Vjosa 
River Mouth has changed its position in the last century two times and these replacements have 
covered an area of the littoral about 10 km long in the northern direction (Pano N. 1994). The old 
mouth of this river is undergoing on important erosion process under the wave action. There are two 
sources of coastal sediments: first, the present Vjosa River Mouth, and second the old Vjosa River 
Mouth. 

4. Conclusions 

Based on the results of inversion of the thermologs data, recorded in deep wells and boreholes, for the 
evaluation of the ground surface temperature GST history and hydrometeorological data, we have 
arrived in following conclusions: 

1 . The climate at coastal plain region of Western of Albania was cooled of .6 K before of middle of 19 th 
century. Later a warming of 0.6 K occurred, from last quarter of 19 th until present-day. 

2. Temperature records in northwestern mountainous region of Albania confirmed also a climate 
warming of 0.6 K during 20 th century. At mountains regions, the warming has started about quarter of 
century later than at coastal plain area of western Albania. 

3. Warming, mainly during the last quarter of the 20 th century, is demonstrated also by meteorological 
data. 

4. The rainfall regime changes have their consequences in the fresh water resources of the country, of 
surface’s and underground waters. 

5. Warming has caused its impact on country climate and ecosystems. There is observed a 
decreasing of the water resources of the country, and thermal stress in the wetlands, lagoons and 
lakes of Albania, on the erosion processes, and on the hydrographic regime of the Adriatic Sea. 
Impact it is observed first of all on the biodiversity. Coastline has an intensive change and continuously 
modifying its shape. 

7. It is necessary to continued realizing, by a new project, of the analytical integrated studies of 
environmental impact of the global warming in Albanian territory and its consequences. 
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OUTLOOK ON PALEOCLIMATE CHANGES IN ALBANIA. 

Alfred FRASHERI 

Department of Earth Sciences, Faculty of Geology and Mining 
Polytechnic University of Tirana, Albania 


ABSTRACT 


In the paper there are presented the results of inversion of thermologs data for the ground surface temperature 
history in Albania. The analysis presented in paper is based on 4 thermoplots, from different regions of Albania. 
The wells are located in Sedimentary Basin of Albania, at the field region in the west of Central Albania and in the 
ophiolitic belt in the mountainous region of the northeast Albania. Based on inversion data, it results that 3.5 
centuries ago in Western Albania the climate was warmer. Later a cooling of 1 °C occurred, until 1 century ago. 
During the 20^ century an increase of 1 °C is observed. Inexpressive climate warming in the second half of this of 
this century is observed in Northwestern Albania. This warming mainly after the second half of the 20 th century is 
presented also by meteorological data. 

Keywords : Ground Surface Temperature, Paleoclimate Changes, Thermolog, Paleoclimate Reconstruction. 


INTRODUCTION 


Albania lies in a subtropical zone. It is a Mediterranean country. Winter is relatively short and mild, humid 
near the seaside areas. Summer lasts very long and it is hot and dry. To the east, in the mountain areas, the 
climate is Mediterranean mountainous. There, the temperature is lower than in seaside zones, and the 
raining decreases. Sunshine varies from 2560 hours per year in Tirana, down to 2046 hours in Kukesi City. 

Average yearly temperature varies from 16.5 °C in Vlora City, 1 1.8 °C in Kukes and 7.0 °C in the northern 
area of the Albanian Alps. In Albania the rainfall is about 1430 mm a year. Albanian Alps is one of the 
most humid territory in Europe, up to 3094 mm a year rainfalls. 


The climate in Albania varies from a region to the other, according to the location compared with the 
seaside, to the seasons, years, and centuries. The ground temperatures are conditioned by geographical 
position of the area, area’s geology, ground lithology, dynamics of the underground waters, meteorological 
conditions, and season. 


The geological section of Albanian Sedimentary Basin is about 12000 m thick. Maximal geothermal 
gradient in this Basin has a value of 21.3 mK/m. These gradients change from one formation to others. 
Geothermal gradient increases up to 25 mK/m in the ophiolitic belt of the Inner Albanids. Heat flow density 
has its highest values of 42 mW.m ~2 in the Albanian Sedimentary Basin and 60 mW.m "2 in ophiolitic belt 
(3, 4, 5, 6, 7). 


Analyzing some thermoplots of different wells in Albania, it resulted a useful information to evaluate the 
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paleoclimate changes until a thousand years ago. This information of the Ground Surface Temperature 
history, according to thermoplots in Albania, is analyzed in this paper. 

MATERIAL AND METHODS 


The study of geothermal field of Albania has been carried out based on the temperature logging in the oil 
and gas deep wells located in the Albanian Sedimentary Basin, also in boreholes in the ophiolitic belt. 
These wells, with a depth of 50 m to 6700 m, are located in different geological situations (5, 6). 


Ten thermoplots were used for inversion of the ground surface temperature history. For the analysis 
presented in this paper we have chosen 4 thermoplots, in different regions of Albania. Well Ko-10 it is 
located in Sedimentary Basin of Albania, at the field region in the west of Central Albania (Fig. 1). Wells 
Vl-1127, Gurth-595, Krasta-1 and Ragam-168 are located in the ophiolitic belt, in the mountainous region 
of the northeast of the Albania. The temperature inversion for paleoclimate reconstruction done by Dr. Jan. 
Safanda (Vl-1127, Gurth-595, Krasta-1, Ragam-168) and Prof. Henry Pollack (Ko-10 well), using Dr. P. 
Z. Shen software program, adopted after GST inversion technique proposed. 


Fig. 1. Map of Albania and location of the Kol-10, Vl-1127, Gurth-595, Krasta-1 and Ragam-168 wells 
and Tirana, Fier and Kukes Meteorological Stations. 


The results of this inversion of the ground surface temperature history are correlated with the data of air 
and ground temperatures, which are recorded in Meteorological Stations (1, 2, 9, 10). For this correlation 
three stations are chosen Tirana and Fier in Central Albania and Kukes in Northwestern region of Albania 

(Fig. 1). 


RESULTS AND DISCUSSION 


The thermoplot of Kolonja-10 deep well, which is located in field’s Western region of Albania, temperature 
trend and residual temperature anomalies are shown in fig. 2. 


Fig. 2 . Thermoplot of Ko-10 well in field Western region of Albania. 

According to these data, climate reconstruction of the thermal field is presented in fig. 3. 


Fig. 3. Ground surface temperature history according to thermoplot of Ko-10 well (according to Prof. H. 
Pollack calculations) 


As it is seen in this figure, from the beginning of the 20 th century the seaside region of Albania is warmer. 
The average increase in the temperature is about 1 °C. To the contrary, from the XV ^ century until the 
end of XIX th it has cooled about 1 °C. Pre-1500 Mean Ground Surface Temperature is equal to the 
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To=17.9 °C, according to Prof. H. Pollack calculations. First five centuries of the second millenium are 

characterized by a warming of 1 °C. In this way, climate in the seaside field’s part of Albania is 
characterized by increase and decrease alternations of the temperature. These alternations have lasted for 
five centuries. Change of the average yearly temperature has not been over 1 °C. 


Fig. 4,5 shows a GST history according to Vl-1127, Gurth-595, Krasta-1 and Ragam-168 boreholes, 
which are located in the mountainous regions of Northeast Albania. Some nonessential changes are 
observed in these regions as to the warming trend of the 20 ^ century. 


Fig. 4 . Thermolog of VI.- 1 127 borehole, located in mountainous northwestern region of Albania 


Fig. 5 .. Ground surface temperature history according to thermoplot of VI.- 11 27, Gurth-595 and Krasta-1 
boreholes. 


To correlate data of GST history according to geothermal studies with the data of hydrometeorological 
observations, there are analyzed data from three stations that we had in disposition. These stations are 
located in field regions (Tirana and Fier) and in mountainous regions of Albania (Kukes), where the 
investigated wells are situated. Fig. 6 presents graphics of yearly average temperature of the air and ground 
at depth of 20 cm and 40 cm in Tirana Meteorological Station. As well known, Tirana is located in Central 
Albania. The warming trend, in particular after seventy years, clearly shows these graphics . 


Fig. 6. Air and Ground Temperature Variation at Tirana Meteorological Station. 


The meteorological data shows that the warming trend is not a monotone one. In short intervals are 
observed cooling and warming (Fig. 7). In general, by the end of 20 *h century, in all Albania is observed a 
warming of climate. The meteorological studies have verified this phenomenon, and it has been consisted 
that: “Around the 1980’s a warming trend is observed” (2, 8). 


Fig. 7. Ground Surface Temperature variation at Kukes and Fier Meteorological Stations. 


The warming period, in the field regions of Albania, is accompanied with a decrease in the rainfalls (Fig, 

8 ). 


Fig. 8. Average Annual Rainfall Quantity, Tirana Meteorological Station. 


CONCLUSIONS 


Based on the results of inversion of the thermologs data, recorded in deep wells and boreholes, for the 
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evaluation of the ground surface temperature GST history, we have arrived in following conclusions: 


1. The climate in Western field’s regions of Albania was warmer 3.5 centuries ago. Later a cooling of 
1°C occurred, until 1 century ago. During the 20 th century an increase of 1 °C is observed. 

2. Temperature records in Northwestern Mountainous region of Albania confirmed inexpressive climate 
warming in the second half of this of this century. 

3 . This warming, mainly after the second half of the 20 th century, is demonstrated also by meteorological 
data. 
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MODERN TECHNOLOGY TRANSFER FOR INTEGRATED AND 
CASCADE USE OF GEOTHERMAL ENERGY IN ALBANIA 

Platform for the modern integrated and cascade use of geothermal energy of 
low enthalpy in Albania is presented in the paper. Geothermal resources in 
Albania are located in limestone’s reservoirs, in sandstone’s reservoirs, and 
in seismo aktive belt. 

Geothermal regime of Albanides, offers several ways to use the heat of the 
Earth: Space heating & cooling, recreation-medical treatment center, 
development of the ecological and historical tourism of the best European 
level, power generation, and salts and microelements extraction. 

In the paper addressed the analysis of market and economic assessments for 
areas of geothermal energy utilization 

Qellimi 

Jepet nje platforme per shfrytezimin e energjise gjeotermale te 
entalpise se ulet ne Shqiperi. Burimet gjeotermale ne Shqiperi 
jane perqendruar ne ne rezervuaret karbonatike, ranore dhe ne 
brez sizmik aktiv. Regjimi gjeotermal i Albanideve, ofron disa 
drejtime te shfrytezim.it te nxehtesise se Tokes: Ngrohja dhe 
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freskimi i godinave dhe serave; per rigjenerimin e shendetit te 
njerezve, trajtimet mjekesore, turizmin ekologjik dhe historik ne 
; gjenerimi i energjise elektrike; nxjerrja e kriperave natyrale 
dhe mikroelementeve. Ne kumtese trajtohet edhe analiza e tregut 
dhe vleresimet ekonomike per fushat e shfrytezimit te energjise 
gjeotermale. 


1 Fakulteti i Gjeologjise dhe i Minierave, 2 Fakulteti i Inxhinierise Mekanike, 
Universiteti Politeknik i Tiranes , 3 Akademia e Shkencave e Shqiperise 

1-Hyrje 

Burime te shumta te energjise gjeotermale te enthalpise te ulet, 
si edhe shume burime te ujit termo- mineral paraqesin bazen per 
zbatimin e suksesshem te teknologjive modeme ne Shqiperi, per 
te arritur efektivitet ekonomik dhe suksesin e shfrytezimit 
kompleks. 

Aktualisht, ka shume studime gjeotermale, hidrogjeologjike, 
hidrokimike, biologjike dhe mjekesore te kryera per burimet e 
ujerave termominerale ne Shqiperi. Rezultatet e studimeve 
gjeotermale te kryera ne Shqiperi jane te paraqitura ne hartat dhe 
prerjet gjeotermale. Hartat e temperaturave jane perpiluar per 
nivele thellesiore te ndryshme, deri ne 3000m. Jane ndertuar 
gjithashtu edhe Harta e Gradientit Gjeotermal, Harta e 
Dendesise se Fluksit te Nxehtesise, si edhe Harta Tematike e 
Zonave Gjeotermale me pozicionin e burimeve dhe puseve 
gjeotermale. 

Burimet natyrore me ujrat termale dhe strukturat gjeologjike me 
te cilat lidhen jane hartografuar gjithashtu. Ne pergjithesi, keto 
studime dhe vrojtime jane te ve?anta, te pa lidhura me njeri 
tjetrin. Informacioni i tyre ka sherbyer per studime dhe 
vleresime krahinore ne Shqiperi. Studime dhe vleresime te tjera, 
te detajuara dhe komplekse kane qene te nevojshme per te 
njohur mire burimet termale dhe te ujit mineral ne planin 
rajonal, si edhe te tregut gjeotermal ne Shqiperi. Sipas 
rezultateve te ketyre studimeve eshte bere vleresimi i nivelit 
perspektiv te zonave gjetermale. Pas ketyre vleresimeve te 
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detajuara eshte e mundur per te filluar investimet ne zonat 
gjeotermale perspektive per shfrytezimimin e integruar dhe 
kaskade te energjise gjeotermale, Ky shfrytezim duhet te 
realizohet me skeme te integruar te energjise gjeotermale, me 
pompat e nxehtesise gjeotermale uje-uje dhe me energjine 
diellore per plotesim. Kjo skeme e dobishme, miqesore me 
mjedisin, qe perdor energjite e riperteritshme (energjine 
gjeotermale dhe energjine diellore), si edhe teknologjite e reja 
(pompat e nxehtesise gjeotermale uje-uje), eshte kursimtare ne 
perdorimin e energjise, duke realizuar edhe shfrytezim kaskade 
te saj. Skema kaskade duhet te perdoret ne menyre qe te merret 
dobia maksimale nga energjia gjeotermale ne zonen e zgjedhur. 

Shfrytezimi i energjise gjeotermale do te kete nje ndikim te 
drejtperdrejte ne zhvillimin e rajoneve, duke rritur te ardhurat 
per fryme te tyre, si edhe ne te njejten kohe te permiresoje 
standardin e jeteses se njerezve. Keto investime jane me perfitim 
ne nje periudhe te shkurter kohe. 

2. Burimet e energjise gjeotermale ne Shqiperi 

2.1. Metodika 

Rezultatet e studimeve gjeotermale te kryera ne Shqiperi jane te 
paraqitura ne hartat dhe prerjet gjeotermale. Hartat e 
temperaturave jane ndertuar per nivele te ndryshme, deri ne 
3000m thellesi 1, 2, 3. Jane ndertuar edhe Harta e Gradientit 
Gjeotermal, e Dendesise se Fluksit te Nxehtesise, si edhe Harta 
tematike me zonat dhe burimet gjeotermale. Burimet natyrore 
me ujrat termale dhe strukturat gjeologjike me te cilat ato lidhen 
jane hartografuar gjithashtu [1]. Jane vleresuar rezervat 
gjeotermale dhe nxehtesia ne vend. Jane vleresuar edhe 
mundesise e shfrytezimit te puseve te braktisur te thelle te naftes 
si “Sonda Vertikale te Nxehtesise se Tokes". 

2.2. Regjimi Gjeotermal 
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Strukturat gjeologjike te Shqiperise, Albanidet jane pjese 
perberese e Brezit te Rrudhosur Alpin Mesdhetar dhe formojne 
krahun jugor te tij. Ato ndahen ne dy zona paleogjeografike 
madhore: Albanidet e Brendshme dhe Albanidet e Jashtme. 
Strukturat gjeologjike te Albanideve jane bartese te rezervave te 
medha te energjise gjeotermale te entalpise se ulet. Ne qendren e 
Ultesires Pranadriatike ne Myzeqe, dendesia e fluksit te 
nxehtesise ka vleren 42-mW/m 2 (Fig. 1). Ky fluks ka dendesi qe 
arrin deri 60-mW/m 2 ne rajonet lindore te Shqiperise, ne brezin 
e shkembinjve ofiolitike. Rritja e temperatures me thellesine 
behet me gradient gjeotermal rreth 1.87 °C/100m ne rajonin e 
Myzeqese (Fig. 2). Ne rajonet jugore te vendit, gradienti 
gjeotermal ka vlera me te ulta, deri 1.15-1.3 °C/100m. Drejt 
rajoneve veri-lindore dhe jug-lindore te Shqiperise, gradienti 
gjeotermal rritet dhe arrin vlera deri 2.35 °C/100m. 

Temperaturat luhaten nga nje vlere me e vogel 6.7°C deri 
18.8°C, mesatarisht 16.4°C ne thellesine 100 m dhe arrijne deri 
105.8°C ne thellesine 6000m (Fig. 3, 4, 5). 

2.3. Zonat dhe rezervuaret gjeotermale 

Midis energjive te rinovueshme, te ujit, te rrezatimit diellor, eres 
e biomases, ze vend edhe nxehtesia e Tokes. Ne Shqiperi ka 
shume burime dhe puse te ujrave termominerale te entalpise se 
ulet. Ujerat e tyre kane temperature qe arrijne deri 80.0 °C (1, 2, 
3, 4, 5) (Fig. 6, Tab. 1). 

Burimet dhe puset gjeotermale ne Shqiperi 


Tab. 1 


Lloji i 
burimit 

Vendndodhja 

Tempe- 

raturat 

[°C] 

Kripera 

[mg/l] 

Prurja 

[1/sek] 

Burim 

natyror 

Llixha Elbasan, Peshkopi, 

Krane (Sarande) ? Benje (Permet), 
Kapaj (Mallakaster), Shupal 
(Tirane), Sarandoporo (Leskovik), 
Tervoll (Gramsh), Mamurras 
(Tirane) . 

21-60 

0.3-26 

10-40 
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Puse te 

Kozan, Ishem, Galigat, 

29.3- 

1-19.3 

0.9-18 

thelle ne 

Bubullime, Ardenice, Seman, 

80.0 



rajonet 

Verbas. 





Nga puset e thelle, uji termal vjen nga thellesite (800-3000)m, 
nga rezervuare karbonatike ose ranorike. 

Burimet dhe puset termale jane te vendosur ne tri zona 
gjeotermale: Zona e Krujes, e Ardenices dhe e Peshkopise. 
Ve£ ketyre ka edhe burime te vegante, ne disa vende te tjera. 

Zona gjeotermale e Krujes eshte zona me rezervat me te 
medha gjeotermale. Ajo ka nje shtrirje te pergjitheshme prej 180 
kilometra dhe gjeresi 4-5 kilometra, si edhe ka rezerva te 
identifikuara 5.9xl0 3 * * * * 8 -5.1xl0 9 GJ. Kjo zone fillon nga bregderi i 
Adriatikut ne veriperendim te Tiranes dhe vazhdon ne jugelindje 
te Shqiperise edhe ne territorin grek. 

Zona gjeotermale e Ardenices ndodhet ne Ultesiren Bregdetare 
te Shqiperise, ne veri te Fierit. Uji fontanon ne puset nga shtresat 
ranore ne thellesi, duke patur ne siperfaqe temperature rreth 32- 
38°C, dhe prurje 15-18 1/sek. Ne puset e Semanit ka fontanuar 
uje me temperature deri 80°C, njeri prej te cilit tani ndodhet i 
zhytur ne det. 

Zona gjeotermale e Peshkopise ndodhet rreth 2 km ne 
juglindje te qytetit te Peshkopise. Atje ndodhen disa burime 
prane njeri tjetrit. Prurja e disa burimeve arrin deri 14-17 1/sek. 
Temperatura e ujit arrin deri 43.5°C. 

3. Drejtimet per shfrytezimin e energjise gjeotermale te 

entalpise se ulet ne Shqiperi 

Regjimi gjeotermal i strukturave gjeologjike ne Shqiperi dhe 

potenciali i nxehtesie se Tokes ofrojne disa drejtime te 

shfrytezimit te energjise gjeotermale, qe sipas rendesise dhe 

kontributit te tyre ne bilancin energjetik te vendit [1, 2, 3]: 
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3.1. Ngrohjen dhe freskimin e mjediseve duke shfrytezuar 
nxehtesine e shtresave pranesiperfaqesore te Tokes, me anen e 
sistemeve modeme dhe me efektivitet te larte ekonomik “Pus - 
Kembyes Nxehtesie - Pompe geotermale nxehtesie”. Nje 
kembyes i nxehtesise, koaksial ose ne forme U-je instalohet ne 
shpime 30-150 m te thelle. Uji qe qarkullon neper kete kembyes, 
ose uji i marre ne shtresa ujembajtese pranesiperfaqesore nxjerr 
nxehtesine nga shtresat e Tokes. Shfrytezimi i energjise 
gjeotermale per ngrohje edhe ne Shqiperi, eshte nje nga rruget 
per te kontribuar ne bilancin aktual te burimeve energjitike te 
vendit. 

3.2. Shfrytezimi integral i energjise se ujerave gjeotermale, se 
bashku me energjine diellore dhe te eres, si edhe ne menyre 
kaskade nga temperaturat me te larta deri sa uji te ftohet ne 
temperaturen e mjedisit, kur ujerat termale nuk kane me 
potencial termal te nxjerrshem. Qendrat Gjeotermale moderne qe 
mund te ndertohen ne zonat e burimeve termominerale ne 
Shqiperi duhet te jene komplekse, duke pasur hotel-klinike me 
pishina me uje te ngrohte gjithe vitin, vaska per banja termale 
dhe kabina per sauna, sheshe dhe salla sportive e per masazhe, 
salla per konferenca, etj. ne menyre qe te sherbejne per 
riperteritjen e organizmave te njerezve te shendoshe, per 
mjekimin e pacienteve me semundje te ndryshme, si edhe per 
ekoturizem (Fig. 7). Prane ketyre qendrave te ndertohen sera per 
kultivimin e perimeve, luleve dhe fidaneve te pemeve te 
ndryshme, basene per kultivimin e mikroalgave, si te spirulines, 
dhe rritjes se peshqve, impiante per degazimin e ujerave 
termominerale dhe nxjerrjen e kriperave natyrale, fusha te 
mbjella me asparagus. Ujerat e pijshem minerale mund te 
industrializohen per tu perdorur nga popullsia. 

Ndertimi teresor ose pjesor i objekteve dhe instalimeve te 
treguara me lart tashme eshte projektuar per secilin burim ne 
Shqiperi, ne varesi te parametrave gjeotermale dhe gjeografike. 
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3.3. Perdorimi i puseve te thelle te braktisur te naftes dhe te 
gazit si “ Sonde Vertikale te Nxehtesise se Toke s” per te 
ngrohur ujin ne thellesi te Tokes. 

3.4. Studimi i mundesise se gjenerimit te energjise elektrike ne 
disa puse te thelle nafte qe fontanojne uje me temperature mbi 
60°C, ne kompleks me energjine djellore. 

Skenaret qe jane propozuar per shfrytezimin e energjise 
gjeotermale ne Shqiperi jane mbeshtetur ne: 

a) Teknologjite moderne per shfrytezimin e energjise 
gjeotermale, sipas parimit te perdorimit integral dhe kaskade te 
burimeve te ujerave termale. 

b) Parametrat gjeotermale te burimeve te ujerave termominerale 
ne Shqiperi. 

Ndertimi i qendrave komplekse moderne gjeotermale eshte edhe 
kusht per mbrojten dhe ruajtjen e mire te mjedisit gjate 
shfrytezimit te burimeve termale. Aktualisht, ujerat termale 
derdhen ne siperfaqen e tokes duke patur impakt te madh mbi 
truallin, ujerat siperfaqesore dhe nentokesore, si edhe mbi 
biodiversitetin e zones. 

4. Tregu shqiptar i energjise gjeotermale 

Platoforma per shfrytezimin efektiv te energjise gjeotermale ne 
Shqiperi eshte bazuar edhe ne analizen e ekonomise se tregut, 
duke patur disa objektiva [3]: 

• Gjendja aktuale e zhvillimit gjeotermal ne Europe, lidhur me 
aktivitetet, zbatimet, rezultatet, barrierat per hapjen e tregut 
gjeotermal, problemet ligjore dhe financiare, etj. 

• Krahasimi midis gjendjes aktuale te krahinave te ndryshme te 
Shqiperise. 

• Identifikimi i qendrimit dhe ndjenjat e grupeve qe synojne 
drejt shfrytezimit te energjise gjeotermale dhe aspektet e 
mjedisit. 
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4.1. Ngrohja/freskimi i mjediseve 

Kerkesat per ngrohjen dhe freskimin e godinave jane rritur ne 
Shqiperi. Gjate dekades se fundit, konsumi i energjise elektrike 
per ngrohjen e godinave ka qene 1,375 GWh/vit, ose 23,8% te 
totalit te energjise elektrike te prodhuar ne vend [6]. Sot kjo 
kerkese eshte shume me e madhe. 

Ne vendet e perparuara te Europes, SH.B.A., Kanada, Japoni etj. 
sot perdoren gjeresisht sistemet modene gjeotermale te 
ngrohjes/freskimit Pus-Kembyes Nxehtesie-Pompe Nxehtesie 
Gjeotermale [7, 8]. Pese instalimet e para gjeotermale kane disa 
vjet qe punojne me sukses edhe ne Shqiperi, duke treguar 
efektivitet te larte ekonomik dhe duke kursyer eneregjine 
elektrike. Kosto e instalimit te sistemeve gjeotermale eshte me e 
larte sesa e sistemeve me kaldaja me nafte ose gaz, por sistemet 
gjeotermale konsumojne shume me pak energji gjate punes. 
Vetem me kursimet nga ky konsum me i vogel, arrihet qe 
periudha e vetshlyerjes se investimeve per ndertimin e sistemeve 
gjeotermale te jete shume e vogel, nga 2,2 deri 6,5 vjet. Chnimi i 
ngrohjes me sistemet gjeotermale eshte rreth 2,65 - 4,46 Euro 
cent/kWh, ndersa per sistemet me kaldaje arrin 13 Euro 
cent/kWh, rrjedhimisht 2, 9-4, 9 here me shtrenjt. Nga analiza e 
efektivitetit financiar rezulton se sistemet gjeotermale te 
ngrohes/freskimit jane sistemet me ekonomike, miqesore me 
mjedisin dhe kontribuojne ne permiesimi e bilancit energjetik te 
vendit. 

4.2. Perdorimi i ujerave termominerale ne llixha-rekreacioni, 
per ngrohje dhe uje sanitar, per kultivime agrokulturash dhe 
akuakulture, per perpunimin e ujit mineral te pijshem dhe 
gjenerimin e energjise elektrike. 

Burime e ujerave termominerale ne Shqiperi njihen qysh ne 
lashtesi. Burimet termale te Llixhave te Elbasanit, te njohura 
qysh ne ate kohe per vetite kurative shume te mira te ujerave, 
me prurjen aktuale te ujit termomineral prej 15 1/s dhe 
temperaturen e tij 30-60°C, kane fuqi te mundshme per tu 
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instaluar 2.760 kW. Aktualisht, frekuentimi i ketyre banjave 
termale eshte rreth 28.000 persona-dite/vit. Burimet e perroit te 
Banjes Peshkopi, me prurjen aktuale te ujit termomineral prej 14 
1/s dhe temperaturen e tij ne gryke 43,5 °C, kane fuqi te 
mundshme per tu instaluar 1.700 kW. Qendra Balneologjike e 
Peshkopise punon ne menyre sezonale, nga 1 maji deri 15 nentor 
dhe ka nje frekuentim prej 106.500 persona dite/vit. Me dhjetra 
vizi tore ditore frekuentojne gjate muajve te veres burimet 
termale te Benjes ne shtratin e lumit te Lengarices, te cilat jane 
te mirenjohura qysh ne kohen e Perandorise Romake, prandaj 
edhe vete fshati e ka marre emrin nga fjala “banje”. Burimi i 
avullit ne malin e Postenanit eshte shfrytezuar nga banoret 
vendas per te bere banja dhe per te mjekuar semundje te 
ndryshme. Edit’h Durham, ne librin “The Burden of the 
Balkans”, botuar ne vitin 1905, shkruan: “Pergjate nje shkembi, 

jo larg nga fshati, gjendet nje burim sulfurik, Burimi 

vleresohet shume per mjekime te reumatizmit...”. Jane te 
mirenjohura edhe burimet termale te Vromonerit ne bregun e 
lumit Sarandaporo ne jug te Leskovikut. 

Ujerat termale te ketyre burimeve deri me sot jane shfrytezuar 
vetem per qellime kurative te semundjeve te ndryshme. Keto 
burime i kane te gjitha kushtet te kthehen ne qendra te 
rendesishme nderkombetare rekreacioni-kurimi dhe ekoturizmi 
dhe turizmi kultoror dhe historik, sepse jo vetem ndodhen ne 
vende me bukuri te mahnitese dhe me monmente te natyres, por 
edhe prane monumenteve kulturore e historike. Prane burimeve 
duhet te ndertohen Qendra Gjeotermale Komplekse moderne. 

Zbatimi i koncepteve dhe teknologjive te reja ne zonat 
ekzistuese gjeotermale ne Shqiperi mund te jene i realizueshem 
vetem ne kushtet e miratimit te Ligjit te Energjise Gjeotermale, 
drafti i cili eshte hartuar dhe paraqitur ne kuadrin e realizimit te 
nje projekti te Programit te UNDP, GEF-SGP 2003, ne menyre 
qe investimet te jene te mbeshtetura ne ligj dhe energjia 
gjeotermale te shfrytezohet sipas normave dhe kerkesave 
teknike. 
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Per zhvillimin qendrave komplekse gjeotermale edhe shteti, me 
mjetet e mundesite e veta, duhet te kontribuoje per tu pergjigjur 
strategjive te Komisionit Gjeotermal te Brukselit per futjen ne 
shfrytezim gjithnje e me shume te energjive te rinovueshme dhe 
asaj gjeotermale. 


5. Konkluzione 

1. Shqiperia ka burime te energjise gjeotermale te entalpise se 
ulet, ne te cilat mund zbatohet teknologjia integrate dhe kaskade 
per shfrytezimin e saj si energji alternative, e qendrueshme dhe 
miqesore me mjedisin. 

2. Burimet e energjise gjeotermale ne Shqiperi perfaqesohen 
nga: 

a) Nxehtesia e truallit, i cili ka tempeature mesatarisht 
16,4 °C dhe Fluksi i Nxehtesise se Tokes nga thellesia. 

b) Ujerat termominerale te burime ve natyrale dhe puseve 
qe fontanojne uje me temperature deri 80 °C. 

3. Perdorimi i sistemeve ngrohes/freskues, qe shfrytezojne 
nxehtesine e shtresave pranesiperfaqesore ose te ujerave 
nentokesore te baseneve te cekta, me anen e teknologjise 
modeme Pus-Kembyes Nxehtesie - Pompe Nxehtesie 
Gjeotermale uje-uje, eshte drejtimi kryesor i shfrytezimit te 
energjise gjeotermale per te kontribuar ne bilancin energjetik te 
vendit. 

4. Energjia termale e ujerave termominerale duhen shfrytezuar 
ne menyre integrate dhe kaskade, duke ngritur qendra moderne 
per rekreacion-trajtim mjekesor dhe ekoturizem, ngrohjen e 
mjediseve dhe uje i ngrohte sanitar, ngrohje serash dhe 
kultivime agrokulturash dhe akuakulture, perpunim te ujerave 
minerale per pirje, nxjerrje kriperash dhe mikroelementesh te 
dobishem. Me ujin e disa puseve mund te gjenerohet energji 
elektrike, duke shfrytezuar energjine gjeotermale me anen e 
sistemeve binare ne kompleks me ate diellore. 
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Fig. 1. Harta e dendesise se fluksit te nxehtesise 
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Fig. 2. Harta e gradientit gjeotermal 
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Fig. 3. Harta e temperatures ne thellesine 100 m 
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Fig. 4. Harta e temperatures ne thellesine 3000 m 
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Fig. 5. Profili gjeologo-gjeofizik Albanid-1: Falco ne detin 
Adriatik-Durres-Tirane- Peshkopi. [Te dhenat e gravitacionit 
per detin Adriatik sipas Richetti, 1980]. 

1. Pliocen (N 2 ), 2- Miocen i poshtem (Ni)-flishi i paleogjenit 
(Pg 3 ); 3- Gelqerore mesozoike (Mz); 4- Shkembinj ultrabazike; 
5- Kripera; 6- Bazamenti kristalin; 7- Kore bazaltike; 8- Kufiri 
MOHO; 9- Thyerje e thelle; 10- Dendesia, g/cm 3 ; 11- 
Temperatura, °C; 12- Pus i thelle; AG B - Anomalia Bouguer; 
AT- Anomalia e fushes totale magnetike; q-Dendesia e fluksit 
te nxehtesise. 
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Fig. 6. Harta e zonave gjeotermale te entalpise se ulet 
ne Shqiperi 
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Fig. 7. Skema per perdorim integral dhe kaskade te ujerave 
termominerale te pusit Kozani-8. 
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Abstrakt 

Kumtesa paraqet analizen e detajuar te shfrytezimit dhe menyres se nxjerrjes se nxehtesise se 
truallit pranesiperfaqesor per ngrohjen/freskimin e godinave dhe te serave, si edhe vleresimin 
ekonomik te sistemeve gjeotermale. 

Aktualisht ne Shqiperi konsumohen per ngrohjen/freskimin e godinave mbi 1.375 GWh/vit, ose 
23.8% e totalit te energjise elektrike te prodhuar. Prandaj eshte e nevojshme qe edhe ne Shqiperi e 
Kosove te perdoren teknologji modeme te ngrohjes se godinave, si^ jane sistemet gjeotermale pus- 
kembyes vertikal nxehtesie-pompe nxehtesie gjeotermale, qe aktualisht jane me populloret dhe me 
efektivitet te larte ekonomik ne vendet e perparuara te Europes, SH.B.A, Japonise, etj. ku ka mbi 
nje milion instalime te tilla. 

Ne Shqiperi e Kosove, si kudo, edhe shtresat pranesiperfaqesore te truallit kane nxehtesi. Ne 
territorin e Shqiperise dendesia e fluksit te nxehtesise luhatet nga 42-60 mW.m' . Ne thellesine 
100m temperature luhatet nga 6.7°C deri 18.8°C. Nxehtesia e truallit ngroh edhe ujin e horizonteve 
ujembajtes. Ne kete menyre, ekzistojne dy burime nxehtesie te ndodhura ne thellesi te vogel: 
shtresat e tokes deri ne thellesine 100-150 m, si edhe uji i truallit dhe i horizonteve nentokesore 
pranesiperfaqesore. Nxehtesia e ketyre dy burimeve perdoret me efektivitet te larte per 
ngrohjen/fresikimin e godinave dhe te serave duke zbatuar dy teknologji: 

Pus-pompe nxehtesie gjeotermale, me te cilen nxehtesia nxirret nga toka nepermjet ujit qe 
merret nga puset e ceket, ose si^ quhet sistemi me “lak i hapur” 

Pus-kerbyes nxehtesie-pompe nxehtesie gjeotermale, ne rastet kur ne zonen e dhene nuk ka 
horizonte ujembajtes te ceket, ose sistemi “lak i mbyllur” dhe nxehtesia nxirret nga shtresat. 
Kembyesit mund te jene vertikale ose horizontale. 

(/'niimi i energjise ngrohese i sistemit gjeotermal luhatet 2,65 deri 4.46 cent/kWh, perkatesisht per 
sistemet “lak i hapur” dhe “lak i mbyllur”, ndersa per sistemin me kaldaje me nafte 9mimi arrin deri 
13 cent/kWh. Periudha e vetshlyerjes se investimit eshte 2.2 vjet per sistemin “lak i hapur” dhe 5 
vjet per sistemin “lak i mbyllur”. Analiza ekonomike e kryer argumenton se sistemi gjeotermal 
eshte me ekonomiku. Ne Shqiperi, deri me sot jane ndertuar kater instalimet e para gjeotermale. 
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Fjalet ky^: Energji gjeotermale, ngrohje e godinave, pompat e nxehtesise gjeotermale, perdorim i 
drejtperdrejte, dendesi e fluksit te nxehtesise. 

1. Hyrje 

Nxehtesia e tokes eshte energji alternative e qendrueshme, miqesore me mjedisin, prandaj edhe 
potenciali real i energjise gjeotermale mund dhe duhet shfrytezuar edhe ne Shqiperi. Shfrytezimi i 
energjive te rinovueshme eshte prirja e sotme ne vendet e perparuara te botes, per disa aresye: se 
pari per te plotesuar kerkesat energjetike qe nuk plotesohen nga burimet energjetike te lendeve 
djegese dhe se dyti, jane energji miqesore per mjedisin. Gjate shfrytezimit te energjive te 
rinovueshme nuk 9 lirohen gazra qe krijojne efektin sere dhe nuk kane impakte negative te medha 
mbi mjedisin, madje shpesh here ndikojne per permiresimin e ekosistemeve. 

Albanidet, qe perfaqesojne strukturat gjeologjike ne territorin shqiptar, kane fluks gjeotermal te afte 
per tu vene ne shfrytezim. Ne Shqiperi ka edhe shume burime dhe puse te ujrave termale, te 
energjise gjeotermike te entalpise se ulet, te cilet japin ujera me temperature deri 65.5 °C dhe me 
debite deri 15 1/sek. Keto jane burim i energjise se rinovueshme, qe duhet te fdloje te shfrytezohet 
ne Shqiperi. Per te filluar shfrytezimin e kesaj energjie ne Shqiperi, duhet te sensibilizohet opinioni 
publik, administrata publike, komuniteti i biznesit dhe investitoret shqiptare per efektivitetin e saj. 

2. Shtrimi i problemit 

Aktualisht ne Shqiperi ekzistojne studime gjeotermike, hidrogjeologjike, hidrokimike dhe 
biologjike te ujerave termale, si edhe studime mjekesore. Fakulteti i Gjeologjise dhe i Minierave, 
Universiteti Politeknik i Tiranes, botoi ne muajin tetor 2004 “Atlasi i burimeve te energjise 
gjeotermale ne Shqiperi”, si edhe ne majin e vitit 2010 monografine “Burimet e energjise 
gjeotermale ne Shqiperi dhe platforme per shfrytezimin e saj”, ne kuadrin e Programit Kombetar 
per Kerkim e Zhvillim “Pasurite Natyrore” (2003-2005) dhe “Uji dhe energjia” (2007-2009) 
(Frasheri A. etj. 2004, 2010). Ne Atlas argumentohet se strukturat gjeologjike te Shqiperise jane 
bartese te rezervave te medha te energjise gjeotermale te entalpise se ulet. Mbeshtetur ne kapacitetet 
e energjise gjeotermale ne Shqiperi, si edhe ne pervojen boterore te shfrytezimit te kesaj energjie 
me teknologji moderne dhe me efektivitet ekonomik te larte, terheqim vemendjen e komunitetit te 
biznesit shqiptar se ka mundesi te krijoje bisnese te reja fitim prurese ne disa drejtime: 

1. Shfrytezimi integral dhe kaskade i nxehtesise se ujerave gjeotermale. Ky shfrytezim i ujerave 
termale te burimeve ose te puseve lehtesohet nga fakti se ato pergjithesisht ndodhen ne zona te 
zhvilluara nga ana urbane ne Shqiperi. Deri tani vetem disa ujera te burimeve termale, si ato te 
Fixhave ne Elbasan, Ne Bilaj te Fushe Krujes, te Peshkopise etj shfrytezohen vetem per kurimin e 
semundjeve te ndryshme, por ne menyre primitive, si koncept dhe si mundesi zhvillimi. Keto ujera 
mund te shfrytezohen me efektivitet te larte ekonimik per ekoturizmin gjeotermal, mund te 
ndertohen hotele me pishina me uje te ngrohte, me sauna, me salla e fusha sportive, me lokale 
argetimi, klinika mjekesore moderne, per te terhequr edhe paciente te huaj, qe duan te shfrytezojne 
vetite e rralla kuruese te shume ujerave termave te vendit tone. Per ngrohjen e serave dhe zhvillimin 
e akuakultures rritje rasati te peshve dekorative dhe te rralle, si edhe te algave me te cilat prodhohen 
pomadat me te shtrenjta per shume semundje dhe kozmetike. Nga keto ujera mund te nxirren 
kripera natyrale dhe e mikroelemente te dobishem, si edhe te industrializohen ujera minerale te 
ve 9 ante. 

2. Ngrohja dhe freskimi i banesave me sistemin moderne pus-kembyes vertikal nxehtesie-pompe 
gjeotermale nxehtesie. Rendom, kur behet fjale per energjine gjeotermale, njerezit nenkuptojne 
vetem ujerat e ngrohta te burimeve. Kjo eshte nje pjese e te vertetes. Por keto ujera jane zakonisht te 
rralle dhe te paket. Ajo qe ka kudo dhe ne sasi te medha eshte nxehtesia e shtresave te tokes qe nga 
pjeset pranesiperfaqesore e deri ne thellesi te medha. Kesisoj, burimi kryesor i energjise gjeotermale 
eshte nxehtesia e ketyre shtresave. Ky duhet te jete drejtimi kryesor i perdorimit te energjise 
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gjeotermale eshte shfrytezimi i nxehtesise se shtresave te Tokes. Sistemet ngrohes/freskues 
gjetermale, per te njejten kapacitet termik, duke shfrytezuar nxehtesine e Tokes, konsumojne 
mesatarisht mbi 3 here me pak energji elektrike, ne krahasim me kondicioneret me pompa nxehtesie 
ajer-ajer, qe perdoren sot ne vendin tone, ose ngrohja me sistemet gjeotermale eshte mbi kater here 
me te lire sesa ngrohja me kaldaje me nafte. 

Kerkesa gjithnje e ne rritje te energjise per ngrohjen dhe freskimin e banesave ne Shqiperi, qe ne 
vitin 1999 zinte 23.8% te totalit te energjise elektrike te prodhuar ne vend dhe sot eshte akoma me 
teper (Fig. 1) (Strategjia Kombetare e Energjise), si edhe shkuarja qofte edhe gradualisht drejt 
zbatimit te normave europiane per ngrohjen e banesave, per te lene mprapa ngrohjen vetem te nje 
dhome nga shqipetaret ne shekujt e varferise se tyre, na nxiten te mendojme per te kontribuar ne 
zgjidhjen e ketij problemi. £eshtja behet akoma me problemore me perdorimin e naftes e gazit per 
ngrohje, te cilat ve? te tjerash emetojne ne atmosfere sasi te medha gazi CO 2 . 
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Fig. 1. Kurba e vazhdueshmerise vjetore te ngarkeses elektrike pa ngrohje me 
ngrohjen per vitin 1999 (Energjia elektrike totale e fumizuar 5775 GWh), (Agencia 
Kombetare e Energjise). 

Ngrohja e godinave publike dhe shtepive te banimit, si edhe serave me anen e nxehtesise se 
shtresave pranesiperfaqesore te tokes eshte nje nga drejtimet aktuale qe po perjeton nje bum te 
madh ne vendet e Evropes dhe ne SH.B.A., Kanada, Japoni etj. Per kete qellim, perdoret sistemi pus 
- kembyes nxehtesie - pompe nxehtesie gjeotermale, i cili shfytezon burimet vendore te energjise, 
si 9 eshte nxehtesia e shtresave pranesiperfaqesore, per ngrohjen e banesave. 

Burime nxehtesije mund te jene: 

a) Shtresat pranesiperfaqesore deri ne thellesine 100-150 m. 

b) Uji nentokesor, i ngrohur nga nxehtesia e shtresave. 

c) Uji i liqeneve dhe i deteve 

Nxehtesia nga shtresat e tokes merret me anen e kembyesve te nxehtesise, te disa tipave. Nje 
kembyes vertikal i nxehtesise (Fig. 2, a), koaksial ose ne forme U-je, instalohet ne shpime 30-150 m 
te thelle. Fluidi qe qarkullon neper kete kembyes nxjerr nxehtesine nga shtresat e Tokes. Keto 
sisteme kembyesish nxehtesie emertohen me qark te mbyllur. Ne Shqiperi, ku keto shtresa kane 
temperature 5-20°C ne kembyes mund te qarkulloje uje, sepse nuk ka rrezik ngrirje te tij. Kembyes 
te shumfishte, te instaluar ne bateri pushesh perdoren per te ngrohur godina te medha ose blok 
godinash publike. 

Ne zona ku perreth godines ka toke te lire, mund te perdoret kembyes nxehtesie i vendosur 
horizontalisht, ne transhe 1-2- 1.8m te thelle, i cili mund te kete forma nga me te ndryshmet. 
Natyrisht, efektiviteti i ketyre kembyesve te nxehtesise eshte me i ulet, sepse ne to ka ndikim te 
madh ndryshimi i klimes. 

Kur shfrytezohet nxehtesia e ujerave nentokesore ose e liqeneve e deteve, sistemet emertohen me 
qark te hapur (Fig. 2.b). Nga nentoka ose rezervuari merret uji, i cili dergohet drejtpersedrejti ne 
pompen e nxehtesise uje-uje. Kur merret uji i detit, per te evituar korrozionin, uji i detit qarkullon 
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neper nje kembyes nxehtesie. Pasi kalon ne pompen e nxehtesise, uji injektohet perseri ne shtresat 
nentokesore, qe te ruhen rezervat ujore te basenit dhe niveli dinamik i ujit nentokesor. 



Pu* p* • upt K* p+t <vrriv n 


Fig. 2. Nxjerra e nxehtesise nga nen toka: Sistemi me qark te mbyllur-kembyes vertikal 
nxehtesie ne pus 100 m te thelle (2. a) dhe skema me qark te hapur, duke marre uje nga nentoka 
(2.b). 

Aktualisht keto jane sistemet me moderne, me efektivitetin ekonomik me te larte dhe konsumin me te 
vogel te energjise elektrike, me teknologji me te perparuar miqesore me mjedisin dhe po behen 
gjithenje e me shume me popullore. Ne 26 shtete ne Europe dhe ne SHBA, sipas te dhenave jo te 
plota per vitin 2005 jane montuar 900 mije instalime gjeotermale, me fuqi 12 kW sejcila, per 
ngrohjen dhe freskimin e shtepive-vila, por ka edhe mijera instalime me fuqi deri 500-1500 kW per 
ngrohjen e institucioneve dhe te blloqeve te banesave komunale (Ryback L. et al. World 
Geothermal Congress 2005). Kapaciteti i instaluar eshte 15.723 MWt. Ne Gjermani aktualisht ka 
mbi 50 mije instalime dhe ne vitin 2005 atje jane montuar 6.799 pompa gjeotermale nxehtesie dhe 
vetem 1.526 kondicionere me pompa ajer-ajer. Shembull tipik eshte edhe Zvicra, ku ka 25.000 
instalime, me fuqi te pompes nga 19-40 kW, te cilet shfrytezojne nxehtesine e shtresave 
pranesiperfaqesore te tokes me temperature 10°C. Ne Austri ka 23.000 instalime, ne Suedi 200.000, 
ne Danimarke 43.000, ne France 40.000, ne USA 600.000 instalime etj. 

3. Tabloja e energjise gjeotermale e shtreseve prane siperfaqesore ne Shqiperi. 

Ashtu si kudo, edhe ne Shqiperi shtresat pranesiperfaqesore te Tokes kane nxehtesi. Nga analiza e 
gjendjes se regjimit gjeotermal te kesaj prerjeje gjeologjike, rezulton se kjo prerje ka energji 
gjeotermale e niveleve te tilla qe lejon te shfrytezohet nxehtesia e tyre per te ngrohur godinat 
(Frasheri A. etj. 2010, 2008, 2004). Kjo energji mund te shfrytezohet me sukses per ngrohjen e 
godinave publike (zyra, spitale, bibioteka, shkolla, teatro e kinema, godina aeroporti etj) si edhe 
blloqe banesash e vila per banim, duke shfrytezuar sistemet moderne te ngrohjes Pus - Kembyes 
Nxehtesie - Pompe Gjeotermale Nxehtesie. 

Sasia e nxehtesise, temperatura ne siperfaqen e Tokes dhe gradienti gjeotermal i prerjes gjeologjike 
pranesiperfaqesore kushtezohen nga gjendja e vendndodhjes gjeografike, kushtet gjeomorfologjike 
(pjeresia e siperfaqes se Tokes dhe pozicioni i saj ne raport me Diellin), litologjia e truallit dhe e 
shkembinjve rrenjesore, nxehtesia specifike dhe lageshtia, stina dhe moti. Sipas vrojtimeve 
gjeomorfologjike shumevje 9 are rezulton se mesatarisht 140.000 kalori/cm nxehtesi merr trualli nga 
rrezatimi diellor gjate veres ne trevat fushore ne Shqiperi. Sasia e nxehtesise arrin ne 120.000 
kalori/cm ne rajonet veri-lindore malore (Gjoka L., 1990). 

Shpemdarja e fushes termale ne territorin shqiptar, ne pajtim me vlerat e gradientit gjeotermal, ne 
ne pjesen e siperme pranesiperfaqesore te prerjes gjeolgjike tregon se temperatura ne thellesine 
100m ka vlera si meposhte vijon (Fig. 3) (Frasheri A. etj. 2004): 
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Temperatura ne zonen bregdetare: Minimale 16.6°C; Maksimale 18,8°C; Mesatare 17.8 °C. 

Temperatura ne zonen perendimore fushore-kodrinore: Minimale 17.15°C; Maksimale 18,41°C; 
Mesatare 18.0°C. 

Temperatura ne zonat kodrinore-malore: Minimale 6.7°C; Maksimale 18,6°C; Mesatare 14.7 °C. 

Ne fushen e Tiranes (Rinas), temperatura eshte 15.5°C nga thellesia 20 deri 35m, ne depozitimet 
kuatemare (Fig. 4) (Frasheri A. etj. 2004). Si9 duket nga termograma e pusit ne Rinas, nga 
siperfaqja e Tokes e deri ne thellesine 20 m, me kete zone, temperatura e depozitimeve ndryshon ne 
varesi te stines dhe percaktohet nga nxehtesia qe Toka merr nga Dielli. Ne dimer, temperaturat jane 
me te ulta, edhe ne kete pjese te prerjes gjeologjike. Ne thellesi me te medha, temperatura e 
depozitrimeve dhe e shkembinjve nuk varet nga stinet dhe percakjtohet nga gradienti gjeotermal 
normal i zones; per rastin e Rinasit 15.5°C. Konstatohen ndryshime anesore te temperatures deri ne 
0.5°C edhe ne distanca deri 500m, ne te njejten kohe. Keto ndryshime anesore jane kondicionuar 
nga litologjia e depozitimeve kuatemare. Eshte vrojtuar se ne rajonet malore te vendit, thellesia e 
temperatures qe percaktohet nga rrezatimi diellor arrin deri ne 50m. 
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Fig. 3. Harta e temperatures e Shqiperise, Fig. 4 Termograma e pusit ne fushen e Tiranes 
ne thellesine 100 m (Rinas) 

Nxehtesia e shtresave prane siperfaqesore te Tokes kane ngrohur edhe ujerat e rezervuareve 
nentokesore. Ne trevat fushore ne perendim te Shqiperise, ujerat nentokesore kane keto 
temperatura: Uji i shtresave zhavorore te kuatemarit ka temperature 14-15 °C,ndersa temperatura e 
ujit e shtresave ranore te kuatemarit eshte 15-16 °C. Per rrjedhoje ujinentokesor mund te sherbeje si 
burim nxehtesie per pompat gjeotermale. 


4. Vleresime ekonomike per skemen ngrohese pus - kembyes vertikal nxehtesie - pompe 
gjeotermale nxehtesie. 

Nga te dhenat e literatures rezulton se kosto e investimit per sistemet e ngrohjes gjeotermale luhaten 
34-216 Euro/m te siperfaqes se godines. Kosto me e ulet eshte ne rastet kur si burim nxehtesie 
sherben uji nentokesor, per marrjen e te cilit kerkohet te shpohet pus i ceket, ne te cilin mund te 
behet edhe ri-injektimi i ujit perseri ne shtrese pasi kalon neper pompen gjeotermale. Kosto 
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maksimale del kur burim nxehtesie jane shtresat pranesiperfaqesore dhe per te nxjerre nxehtesine 
kerkohet te shpohen puse deri 100m te thelle, per te vendosur kembyesin vertikal te nxehtesise. E 
krahasuar kjo kosto me ate te sistemeve me kaldaje, rezulton se ajo eshte rreth 35,7% me e madhe. 

Sistemet kembyes nxehtesie-Pus-Pompe Gjeotermale Nxehtesie (KN-P-PGjN) kane marre kete 
zhvillim megjithese kane kosto ndertimi me te larte se kosto e sistemeve ngrohese konvencionale 
me kaldaje me nafte. Ka disa arsye per kete: 

Konsiderata ekonomike. Kosto vjetore e “karburantit” te sistemit gjeotermal (energjia elektrike 
per pompen e nxehtesise dhe pompen e qarkullimit te ujit nga pusi) jane ne menyre te 
konsiderueshme shume me te ulta sesa kosto e karburantit te nje kaldaje konvencionale me nafte 
ose gas. Per koeficient performance KP = 3.5, kursehet deri 71% e energjise elektrike. Keshtu, koha 
e kthimit te shpenzimeve te KNP eshte me e shkurter se koha e punes se vete sistemit ngrohes. 

Konsiderata mjedisore. Sistemi gjeotermal eshte nje sistem mjedisor i paster qe nuk 9liron gaze 
CO2 (“efekti sere”), keshtu qe evitohet per pronarin e shtepise pagesa e takses per emisionin e 
gazeve CO2, e cila eshte ne diskutim ne vendet e Komunitetit Europian. 

Mbeshtetje qeveritare. Per instalimin e sistemit gjeotermal, per shembull, qeveria japoneze jep nje 
investim prej 200 USD per $do kWe te pompes se nxehtesise gjeotermale uje-uje, duke patur nje 
limit te siperm 5.200 USD. Kete mbeshtetje e ben sepse permiresohet bilanci energjetik i vendit me 
zbatimin e sistemeve gjeoermale te energjise se rinovueshme. 

Per nje vleresim te plote po paraqesim nje preventiv, me qellim qe te analizohen dy probleme: kosto 
e instalimit te sistemit dhe shpenzimet per energjine elektrike ose per konsumin e naftes te 
sistemeve te ndryshme ngrohese, sipas 9mimeve aktuale ne Shqiperi. 

Godina: Universiteti “Fan Noli”, Kor9e 

Siperfaqja e pergjitheshme: 1.200 m ; ngrohja: me kalorifere (radiatore); kapaciteti per ngrohje 134 
KW, periudha e ngrohjes 1836 ore/vit (Frasheri A. etj. 2008). 

Sistemi ngrohes, analizohen tre variante: Pus - pompe nxehtesie gjeotermale; Pus - kembyes 
vertikal nxehtesie - pompe nxehtesie gjeotermale, kaldaje me nafte. 

Ne figurat 5, 6 paraqiten grafiket e kostos per konsumin e energjise elektrike ose te naftes, si edhe 
kosto e pergjitheshme te instalimit dhe te konsumit te karburantit ose energjise elektrike gjate nje 
dekade pune te instalimeve me sisteme te ndryshme ngrohjeje. Ne fig. 7 tregohen grafiket e 
differences se shpenzimeve kumulative vjetore per nafte dhe energji elektrike per sistemet ngrohes 
dhe e kostove te instalimit te sistemeve ngrohes te ndryshem. Duket qarte se p eriudha e vetshlyerjes 
se investimeve per sistemin “pus-pomp'6 gjeotermale nxehtesie” eshte 2.2 vjet, kur investimi 
mbulohet vetem me shpenzimet qe do te beheshin per naften e kaldajes. Vetshlyerja arrin ne 5 vjet 
kur perdoret sistemi “pus-kembyes vertikal nxehtesie-pompe gjeotermale nxehtesie 



Fig. 5. Kosto e instalimit dhe e shpenzimeve vjetore per karburant dhe energji elektrike per sistemet ngrohes: 
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Legjende: Seria 1: Sistemi pus-pompe nxehtesie gjeotermale, Seria 2: Pus-kembyes vertikal nxehtesie- 
pompe nxehtesie gjeotermale; Seria 3: Sistemi me kaldaje, per nafte me gmim 1,2 Euro/litri; Seria 4: Sistemi 
me kaldaje, gmimi i naftes 0.8 Euro/litri. 
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Fig. 6. Shpenzimet kumulative vjetore per nafte dhe energji elektrike per sistemet ngrohes (ne Euro): 
Legjende: Seria 1: Sistemi pus-pompe nxehtesie gjeotermale, Seria 2: Pus-kembyes vertikal nxehtesie- 
pompe nxehtesie gjeotermale; Seria 3: Sistemi me kaldaje. 



Fig. 7- Grafiket e differences se shpenzimeve kumulative vjetore per nafte dhe energji elektrike per sistemet 
ngrohes dhe e kostove te instalimit te sistemeve ngrohes te ndryshme (ne Euro). 

Legjende: Seria 1: Sistemi pus-pompe nxehtesie gjeotermale, Seria 2: Pus-kembyes vertikal nxehtesie- 
pompe nxehtesie gjeotermale; Seria 3: Sistemi me kaldaje. 


2 

Nga vleresimet e bera rezulton se kosto njesi e instalimit luhatet 59,3-109,3 Euro/m , ne varesi te 
burimeve te nxehtesise. Kosto me e larte eshte per rastet e ndertimit te kembyesve vertikale te 
nxehtesise ne puse. Kosto me e ulet eshte kur si burim nxehtesie eshte uji nentokesor dhe kerkohet 
pus i ceket per te marre ujin dhe per ta injektuar pasi kalon neper pompe. 


Ne figuren 8 jepet grafiku i kostos ne leke per nje njesi (kW) te ngrohjes. Duket qarte se sistemi 
gjeotermal ka koston me te vogel se te gjitha sistemet e te tjerave. 
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Fig. 8. Kosto ne Lek/kWh per ngrohjen e godines se Universitetit “Fan Noli”te Kories, pas periudhes se 
vetshlyerjes se investimeve per instalimin e sistemit ngrohes. 

Legjende: Seria 1: Sistemi pus-pompe nxehtesie gjeotermale, Seria 2: Pus-kembyes vertikal nxehtesie- 
pompe nxehtesie gjeotermale; Seria 3: Sistemi me kaldaje. 

5. Thirrje per investim, ne vend te perfundimeve 

Zgjidhja ekonomike e problemit te ngrohjes ne Shqiperi eshte nje detyre e dites dhe teper e 
rendesishme, ve 9 anerisht me kushtet e importit te sasive te medha te energjise elektrike. Nje nder 
rruget e duhura eshte perdorimi i energjise gjeotermale. Ne Shqiperi ka nje bum ne ndertimet e 
godinave te larta shumekateshe. Ato ende projektohen te ngrohen me kaldaja me nafte ose me gaz, 
si edhe me kondicionere ajer-ajer. Ne te gjitha godinat e institucioneve shteterore ngrohja dhe 
freskimi behet me kondicionere ajer-ajer, spitale, konvikte, hotele, etj ngrohen me sistemin me 
kaldaja me nafte ose me gaz. 

Per te zgjeruar kete drejtim te ri, tashme te hapur edhe ne Shqiperi, te perdorimit te energjise 
gjeotermale, qe eshte energji e rinovueshme dhe miqesore me mjedisin, ka ardhur koha, qe te dilet 
mbi synimet e bisnesmeneve qe tregetojne nafte e gaz, mbi praktikat e konsumit te energjise 
elektrike qe paguhet nga buxheti i shtetit, ose qe nuk paguhet ende. Futja e sistemeve ngrohese dhe 
freskuese me anen e energjive te rinovueshme, midis te cilet ate te nxehtesise se Tokes, duhet te 
filloje te realizohet gjeresisht. 

Me realizimin e ketij objektivi i behet apel administrates shteterore qe mbulon problemet 
energjetike, komunitetit te biznesit si edhe opinionit tekniko-shkencor, qe te krijojne mundesi per te 
bere ngrohjen e banesave sa me ekonomike dhe sa me mire. Shteti, me levat e veta ekonomike 
duhet te stimuloje futjen edhe ne Shqiperi te ketyre sistemeve modeme dhe shume ekonomike e 
miqesore me mjedisin. Komuniteti i biznesit duhet ti njohe dhe te investoje per ndertimin e 
sistemeve pus - kembyes nxehtesie - pompe gjeotermale nxehtesie, duke hapur rruge per biznese te 
reja ne plan kombetar. Universitet teknike te shpemdajne njohurite per keto sisteme bashkekohore 
dhe te behen nxites te zbatimit te tyre ne Shqiperi. 
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SHTRIMI I PROBLEMIT 

Energjia termike e konsumuar per ngrohjen e 
banesave ze nje vend te rendesishem ne bilancin 
ekonomik te vendit. 

Rritja e kerkesave per energji per ngrohjen dhe freskimin e 
godinave te banimit dhe publike. 

Synimi per te zbatuar standardet Evropiane per kete 
problem, 

Lenia mprapa e ngrohjes vetem te nje dhome nga 
shqipetaret ne shekuj, 


MW 


a Energjia per ngrohje, 137^©Wh, 23.8% e prodhimit total 
■ Energjia mesatare pa ngrohjen, 4400 GWh 
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Kurba e vazhdueshmerise vjetore te ngarkeses elektrike pa ngrohje me 
ngrohjen per vitin 1999 (Energjia elektrike totale e furnizuar 5775 GWh) 








Shpemdaijja ak tualg onsumit te energji.se per 
sektorin e bane s ave 



■ Ngrohja dhe freskimi i ajrit 


• Pajisjetdhe ndrigiml 


Ngrohja e Ujit 


■ Gatim 


Grafiku 2: Parashikimiikerkeses per energjine sektoiin e 
bane save (sip as strategjise) 
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Nga 2000 ne 2033 konsumi energjise per Ne 2020 rretet 111% kerkesa energjetike per 

ngrohje u rrit ne masen 15% ngrohjen/freskimin e godinave dhe uje te 

ngrohte ngaj 2003. 

Sipas Strategjise Kombetare te Energjise , AKBN, 1999 dhe 2007 


Konsumohen 971 per ngrohje sasi te 
medha dru zjarri, kjo lende defigitare dhe me 
shume vlere (Agenda Kombetare e Energjise). 


Qeshtja behet akoma me problemore 
me perdorimin e naftes e gazit per ngrohje, te 
cilat veg te tjerash emetojne ne atmosfere sasi 
te medha gazi C0 2 
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Jane faktoret vendimtare qe bejne apel per ndergjegjesim per 
te kontribuar per gjetjen e zgjidhjeve optimale per kaperximin e 
kesaj situate kritike energjetike. 


DIRECTIVAT E EGEC 

Bashkimi Evropian (BE), per te perballuar sfidat e medha 
energjetike me te cilat qe perballet, ka vendosur nje politike 
ambicioze energjetike, e cila mbulon gamen e plote te burimeve 
te energjise nga karburantet fosile, tek energjia berthamore dhe 
burimet e rinovueshme (diellore, era, biomasa, gjeotermale, 
hidro-elektrike dhe te batices), ne nje perpjekje per te nxitur nje 
revolucion te ri industrial, i cili do te jape nje ekonomi te lire te 
energjise, nderkohe duke e bere me te sigurte, me konkuruese 
dhe me te qendrueshme energjine qe konsumojne [1 , 2, 3]. 


973 


• Ne nenin 2 te Direktives 2009/28/EC kerkohet perparimi ne 
perdorimin e energjive nga burimet e rinovueshme. Paneli per 
ngrohjen dhe freskimin e rinovueshem i Platformes (RHC)- i 
drejtuar nga European Geothermal Energy Council (EGEC), i 
mbledhur ne 15 prill 2009 formuloi vizionin per vitin 2030 per 
sektorin e ngrohjes dhe freskimit gjeotermal. Sipas ketij vizioni 
prezantohet skenari i kontributit drejt 1 00% te ngrohjes dhe 
freskimit me energji te rinovueshme ne Europe. Platforma 
Europiane e Teknologjise per ngrohjen dhe freskimin e 
rinovueshem parashtron interesimin per energjite e 
rinovueshme: biomases, gjeotermale dhe diellore termale. 


ENERGJIA GJEOTERMALE 

Nxehtesia qe jep Planeti i yne Toka eshte 
Energji e rinovueshme- miqesore me mjedisin. 

Situata e Energjise Gjeotermale e entalpise se ulet ne 
Shqiperi ofron dy drejtime te perdorimit te 
drejtperdrejte te saj: 

1 . Ngrohja dhe freskimi i godinave 

2. Shfrytezimi kompleks dhe kaskade i energjise se 
ujerave termale 
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Zakonisht, njerezit identifikofne 

Ujerat e burimeve gjeotermale= Sn&tyfate tyfeateimate 

kjo eshte pjeserisht e vertete. 

Per me teper, burimet gjeotermale jane dukuri relativisht 
e rralle. 

'plukbi 6 axem&ti&e omte eaenyfia c 

te cilen Planeti i yne TOKA na e ofron kudo 

• Kete pasuri, mund ta marrim kurdohere, kudo, duke 
perdorur teknologji te pershtatshme. 

Ne kete referat do tu paraqesim mundesite me te 
rendesishme per shfrytezimin e saj ne Shqiperi. 
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Regjimi gjeotermal i Shqiperise na lejoi te 
rekomandojme qe edhe ne Shqiperi eshte e mundur 
teknikisht dhe ekonomikisht te filloje ndertimi i 
sistemeve moderne Kembyes Nxehtesie-Pus- 
Pompe Gjeotermale Nxehtesie te diet jane sistemet 
me efektivitet ekonomik te larte dhe me kursimtaret ne 
energji. Ne vendet e perparuara, me rritem te madh 
po shtohet numri i ketyre instalimeve. 

Sot numurohen mbi 570 000 instalime ne 
vende te ndryshme, duke ngrohur dhe freskuar shtepi 
me siperfaqe 100 m 2 e deri ne blloqe te medha 
godinash me siperfaqe te pergjitheshme deri 161 650 
m 2 . 


Ekzistojne dy tipe burimesh 9 F1xehtesie te Tokes 

1 . Nxehtesia e truallit dhe 

2. Nxehtesia e baseneve te ujerave nentokesore. 

Ne varesi te tyre, zbatohen dy teknologji per shfrytezimin 
e kesaj energjie (Lund J. W. 1996, Rybach L. et al. 
2000 ): 

Se pari, Sistemi i mbyllur. Pus-kembyes vertikal 
nxehtesie-pompe gjeotermale nxehtesie (Fig. 3), 

Se dyti: Sistemi i hapur. Uji nentokesor - pompe 
gjeotermale nxehtesie. 



SISTEMI NGROHES 

PUS-KEMBYES VERTIKAL NXEHTESIE- POMPE GJEOTERMALE 

NXEHTESIE 





Typical Geothermal Heatfn^^PcaolIng System 
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Hpri^ontd Unit 
Cooling Mode 


Large 
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Cooling Mode 


Console Unit 
Keeping Mode 


Horizaniol Unit 
Balanced 


Vertical Loop System 


SISTEMI I BATERISE SE PUSEVE 
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SISTEMI NGROHES 

PUS-KEMBYES HORIZONTAL NXEHTESIE- 
POMPE GJEOTERMALE NXEHTESIE 








Pozzo di prelie vo 


Pozzo di restituzione 


BURIMI I NXEHTESISE: HORIZONTI NENTOKESOR UJEMBAJTES 



Aktualisht keto jane fistemet me moderne , me 
efektivitetin ekonomik me te larte dhe konsumin me 
tie vogel te energjise elektrike , me teknologji me te 
p'erparuar miqesore me mjedisin dhe po h’ehen 
gjithenje e me shume me popullore. 

Ne 26 shtete ne Europe dhe ne SHBA jane 
montuar: 


570 000 mije instalime BHE-HP, me fuqi 12 KW 
sejcila, per ngrohjen dhe freskimin e shtepive-vila, 

Mijera instalime me fuqi deri 500-1500 KW per 
ngrohjen e institucioneve dhe te blloqeve te banesave 
komunale. 


Ne 26 shtete ne Europe dhe ne SHBA, gjate vitit 2005 
jane montuar 900 mije instalime kembyes vertikal 
nxehtesie- Pompe gjeotermale nxehtesie, me fuqi 12 
kW sejcila, per ngrohjen dhe freskimin e shtepive-vila, 
por ka edhe mijera instalime me fuqi deri 500-1500 
kW per ngrohjen e institucioneve dhe te blloqeve te 
banesave komunale. 

Kapaciteti i instaluar eshte 15 723 MWt dhe energjia e 
shfrytezuar 24 200 GWh. 

Ne Gjermani aktualisht ka mbi 40 mije instalime. Ne 
vitin 2005 jane instaluar: 

6799 pompa gjeotermale nxehtesie dhe vetem 

1526 kondicionere me pompa ajer-ajer. 
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Rritja e kerkesave per ngrohje gjeotermale 
per periudhen 2010-2020 

(Sipas EUROFERES, 201 1). 
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1- Gjeotermale me pompa nxehtesie; 

2- Gjeotermale me ujera te nxehte. 


Mtoe 


Skenari i rritjes se kerk§ 7 save per shfrytezimin e 
energjise gjeotermale dhe te biomases per ngrohje. 

(Sipas Sanner B. 2.11) 
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Prirja e shtrirjes se perdoriflpfit te sistemeve gjeotermale 
te ngrohjes/freskimit te godinave ne vendet Mesdhetare. 

(Sipas Sanner B. 2011) 







Kapaciteti i instaluar peFshfrytezimin e energjise 
gjeotermale ne vende te ndryshme 

(Sanner B. 2011) 
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Shembull tipik eshte 9 fe*dhe Zvicra, ku ka 30 000 
instalime , me fuqi te pompes nga 19-40 KW, te diet 
shfrytezojne nxehtesine e shtresave pranesiper- 
faqesore te tokes me temperature 10°C. 

3500 instalime kishte ne vitin 1995, 

27 000 arriten ne 2002. 

Prodhimi i energjise me keto sisteme: 


ne Austri ka 
ne Suedi 

ne Danimarke 

ne France 
ne USA 


70 GWh, ne vitin 1980 
365 GWh, ne vitin 1999 
23 000 instalime, 


200 000, 

43 000, 

40 000, 
600 000. 


Ne Japoni, (Gazeta * 95 J*apan Times, Jan. 21, 
2003), duke perdorur energjenine gjeotermale 
te shtresave pranesiperfaqesore projektohet 
kursimi i energjise deri 40%. Shpenzimet per 
kete realizimin e ketij projekti do te veteshkyhen 
brenda 10 vjeteve.. Dy te tretat e kostos se 
ndertimit, qe vleresohet ne 10 milion yen per 
gdo instalim, do te mbeshtetet nga qeveria dhe 
autoritetet lokale. 

Shembuj tipike per ngrohjen dhe 
freskimin e te godinave publike ose te 
banimit te medha me anen e sistemit Pus- 
Kembyes Nxehtesie-Pompe Gjeotermale 
Nxehtesie ne disa shtete: 


992 


GREQI: 


1. Godina THENAMARIS SHIPS 
MANAGEMENT Inc. ne Athine: 
Siperfaqe 4 500 m 2 

■ Instaluar dy njesi te Pompave 
gjeotermale te nxehtesise: 

Kapaciteti ngrohes 250 kW 

Kapaciteti i freskimit 278 kW 

■ Debiti ujor per te dy pompat 
1 3.9 l/sek nga nje pus i ceket 

Koeficienti i Performances: 

4.37 per ngrohje , 

1.76 perfreskim 



Photo ^ 1HFN A MAKES Ships ManiyCniCFil [ne, building, \thcrts. GrMM 
where is HKHutitiiy wcwSied liwL-htiltvJ-ltil 
Hwi (lump System far spate Ikjlicil and cooling 



Photo \ {fcaihcmui] Heat Pump*- iipalMHcil in the THEN W1 \H!S buitdin^ 
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Sistemi ka karakteristika ekonomike qe paraqiten ne 
pasqyren e me poshtme: 


Energjia termale Energjia Koeficienti i Energjia 

e dhene nga sistemi elektrike e Performances elektrike 


gjate nje muaji, konsumuar 
ne kW gjate muajit 

per te vene ne 

pune 

sistemin, 

ne kW 

Ngrohje Janar, 2003 
1 86 000 42 560 

Freskim Qershor, 2003 
200160 112 600 


i sistemit specifike e 



konsumuar 


per 

sistemin, 
ne Wh/m 2 

4.37 

12.7 

1.76 

34.7 


2. Bashkia e Pylays, Selanik. 

Tre godina me siperfaqe te pergjitheshme 2500 
m 2 , volumi 7500 m 3 

• Burimi i nxehtesise: 

21 puse, sipas matrices 4. 5x4.5 m, 

me thellesi 80m, 

sasia totale e metrazhit te shpimit 1680 m,. 

Kembyesi vertikal i nxehtesise: Gjatesia specifike 
6.34 m/kW, tub plastmasi. 

Sistemi ngrohes: 1 1 pompa gjeotermale nxehtesie 
uje-uje,me fuqi te pergjitheshme: 

265.4 kW per ngrohje dhe 

280.1 kW per freskim. 


dite. 


Koha e punes se 



it: 5 dite ne jave, 7 ore ne 


Vleresime ekonomike. Sistemi gjeotermal eshte me 
efektiv sesa sistemet e tjera ne masen: 

Per ngrohje : 74% ndaj kaldajes me nafte 

24% ndaj kondicionereve ajer/ajer 

Per freskim : 46% ndaj kaldajes me nafte 

1 8% ndaj kondicionereve ajer/ajer 


Godinat e Bashkise Pyfays, Selanik dhe salla e 

pompave gjeotermale 




MALI I Zl. 



Sistemi ngrohes i intergruar- energji gjeotermale dhe energji 
diellore ne Sllovenska Plaza, Budva 



FRANCE 

Godine puiblike ne Lion: 

Siperfaqja e godines 16.633 m 2 . 

Energjia vjetore e perftuar 2 108 114 kWh/vit. 

Energjia vjetore e konsumuar 490 259 kWh/vit. 

Koeficienti i performances COP = 4.75 

Kosto vjetore e energjise 33 365 Euro/vit per gjithe 
siperfaqen e ngrohur. 

Kosto e energjise 2 E/(vit.m 2 ). 

Vete shlyerja e investimit 3 vjet. 
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Godine publike ne Lion, France, e ngrohur me 

sistemin gjeotermal 





HOLLANDE 

Bllok banesash banimi ne qytetitn 
Sefterband : 

' Siperfaqja e ngrohur: 

79 apartamente x 1 00 m 2 = 7 900 m 2 

■ 

Energjia vjetore e perftuar 
33 000 kWh/vit, 

■ Energjia vjetore e konsumuar 

1 5 000 kWh/vit, 

■ 

Koeficienti i performances 
COP = 2. 





GJEFSMANI: 

Sisteme gjeotermale ngrohese dhe freskuese shume 
te medha 

Tipike midis tyre eshte ansambli i godinave te German 
Air Traffic Control headquarters ne Langen, ne jug te 
aeroportit te Frankfurtit 

Volumi total i godinave 230.000 m 3 

Siperfaqja e godinave 57.800 m 2 

Sistemi ngrohes: shtresat pranesiperfaqsore te 

tokes 

Kembyesit verikal te nxehtesise jane vendosur 
ne dy fusha baterish pusesh: 

154 puse, sejcili 70 m i thelle, 

sipas matrices 5 x 5 m. 


Pamje e ansambfit te godinave te 
German Air Traffic Control, Frankfurt 



fig. !3 : Artist s view of DFS headquarter, Lott gen (from Seidinger et id.. 2(XX)> 


Vendosja e dy fushave te | 

baterive puseve ne German I 

Air Traffic Control, Frankfurt. 

o a 1 0 m 

3 K l&BHE [51) 



* * 


4 ■* * * * 

4 4 t 4 * 


Kapaciteti total ngfdhes dhe freskues i te dy 
fushave, perkatesisht 330 kW dhe 340 kW. 


Sistemi gjeotermal redukton ne masen 35% 
konsumin e energjise krahasur me sistemet 
konvencionale te ngrohjes dhe freskimit. 


Reduktimi i kostos: 300.000 DM/vit. 
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Krahasimi i kostos vjetore per ngrohjen dhe freskimin 
e German Air Traffic Control. 

Sistemi LEO DFS: Kembyes vertical nxehtesie (BHE), pompe nxehtesie, rrjet 
local ngrohje, chiller. 

Sistemi LEO pa BHE: Rrjet local ngrohje, chiller. 


Sistemi WSO 95: Rrjet local ngrohje, chiller. 
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2) FAAG Godina “Living and Working at Baseler 
Platz” ne Franksfurt-Main Foto 8). 

Sistemi ngrohes: pus-pompe gjeotermale nxehtesie. 



Fig. 17: Architectural simulation of the FAAG-buildmg "Living and 
Working at Baseler Platz ” in Frankfurt! Main 




Godinat Steve Gifrett, Oklahoma. 
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Po ne Shqiperi? 



• Aplikimi i pare eshte ngrohja e shkolles 
profesionale ne Erseke 





Aplikimi me macffior eshte sistemi 
ngrohes/freskues i kullave binjake 
ne Bulevardin Deshmoret e Kombit, Tirane 



- Siperfaqja e te dy kullave IB. 000 m2 

- Fuqia e prgjitheshme te sistemit ngrohes 1 .200 kW 

- Sistemin ngrohes te tyre perbehet ng dhjetra pompa 
nxehtsie uje-uje me fuqi 12 dhe 24 Kw 

Projektuar nga Dr. Inxh. Ramadan Alushaj dhe firma 

Profesion-KLIMA, Tirane. 

VLERESIM EKONOMIK I SISTEMIT 

Konsumi energjise elektrike ose karburantit per venien 
ne pune te sistemt ngrohes freskues: 


- Energji elektrike (COP=3,5) 343 kW/h 40 E/h 
- Nafte 1 20 l/h 1 46 E/h 
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Shkolla e Mesme “Peter Mahringer”, per 
teknologji informazioni, 
prane Kuvendit Franceskan, Shkoder 


Shkolla ka godine 
rekateshe, projektuar 
nga Design Studio Vera, 
Architect&Co, Tirane. Ne 
skemen 

ngrohese/freskuese jane 
vendosur dy chillera, 
secili 90 kW. 

Uji nentokesor nga pusi 
kalon neper nje 
kembyes nxehtesie, 
me prurje 38 m 3 /h 
(10.55 l/sek). 
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Efekti ekonomik i sistemit gjeotermal 
ne Kopshtin e femijeve Nr. 14, Korge 



Specific consumption kWli/m2 


Kindergarten Sorros Kindergarten no, 17 Kindergarten no. 14 

56 ' 45 48,9 

38,45 


1 


Kindergarten Kindergarten no. Kindergarten no. 
Sorros 17 14 



• • 


• • 


• • 


• • 


TE DHENA PER ZONENE TIRANES 


Ashtu si kudo, edhe ne Shqiperi shtresat 
pranesiperfaqesore te Tokes kane nxehtesi, e cila 
mund te shfrytezohet me sukses per ngrohjen e 
godinave publike (zyra, spitale, bibioteka, shkolla, 
teatro e kinema, godina aeroporti etj) si edhe blloqe 
banesash e vila per banim, duke shfrytezuar sistemet 
moderne te ngrohjes: 

Kembyes Nxehtesie-Pus-Pompe Gjeotermale 

Nxehtesie. 
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Bregdetare 

Temperatura minimale 16.60 °C 
Temperatura maksimale 18.80 °< 
Temperatura mesatare 17.80 °C 


Fushore perendimore 

Temperatura minimale 17.15 °C 
Temperatura maksimale 18.41 °< 
Temperatura mesatare 18.0 °C 

Kodrinore- malore 

Temperatura minimale 6.70 °C 
Temperatura maksimale 18.60 °< 
Temperatura mesatare 14.75 °C 





Termograma e nje 
pusi ne Rinas, 
Tirane. Deri ne 
thellesine 20 m 
verehet ndikimi i 
rrezatimit te diellit. 

Nen kete thellesi 
temperatura mbetet 

e pandryshuar ne 
stine te ndryshme 


^ | W ■ ■ w w 


W £3J 


£3J 


prerjes pranesiperfaqesof^ eshte e niveleve te tilla qe 
lejon te shfrytezohet nxehtesia e tyre per te ngrohur 
godinat, duke perdorur sistemet moderne Kembyes 
Nxehtesie Pus - Pompe Gjeotermale Nxehtesie. 


Nxehtesia e ketyre shtresave ka shkaktuar edhe 
ngrohjen e ujerave te truallit ne rezervuarin 
nentokesor. 


Temperatura e ujit te shtreses zhavorrore eshte 14-15 
oC, 

Temperatura e ujit te shtresave ranore te kuaternarit 
t=15-16oC 


- Ketej konkludohet se uji i pellgut te qytetit te Tiranes 
mund te sherbeje si burim nxehtesie per pompat 
gjeotermale te nxehtesise, pasi eshte ngrohur nga 
shtresat e tokes. 


BOREHOLE^fclSTRUCTION 
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ANALIZA E KOSTOS 

Godina: Hotel 

Siperfaqja e pergjitheshme e 3 kateve: 
Ngrohja: me kalorifere (radiatore) 
Kapaciteti per ngrohje 

Periudha e ngrohjes 

Sistemi ngrohes, analizohen tre variante: 

a) Pus-pompe gjeotermale nxehtesie 

b) Kaldaje me nafte 

c) Kondicionere ajer-ajer 


610 m 2 
68.5 KW 
1 836 ore/vit 


Kosto e pergjitheshme paraprake e instalimit: 


A Pus-pompe gjeotermale nxehtesie 43.000 Euro 

b Pus-kemb. Vert, nxehtesie-pompe gjeo. nxeht. 68.461 Euro 

c Kaldaje me nafte 27.000 Euro 

d Kondicionere, tip “General” 15.600 Euro 

Kosto paraprake e instalimit per meter katror te 
siperfaqes: 

Pus-pompe gjeotermale nxehtesie 71,66 Euro/m 2 

Pus-kemb. Vert. Nxeht.-pompe gjeo. nxeht. 112,63 Euro/m 2 

Kaldaje me nafte 44,26 Euro/m 2 

Kondicionere ajer-ajer, tip “General” 26,00 Euro/m 2 


Kosto paraprake vjetore operative e konsumit 
te energjise elektrike ose lendes djegese gjate 
1836 oreve, per te vene ne pune sistemin ngrohes: 

a) us-pompe gjeotermale nxehtesie 33.304 kW 3.384 Euro 
a 

B b)Pus-kem. V. nxeh.-pom. gjeo. nxe. 33.304 kW 3.384 
Euro 

c) Kaldaje me nafte 12.282 Lit. naft. 11.982 Euro 

d) Kondicionere 93.636 kW 9.515 Euro 


e) Radiatore elektrike 


137.700 kW 13.993 Euro 


Kosto paraprake totaW 2Q ujetore per energjirte 

ngrohese: 

- Euro/KW Viti pare Viti dyte 

A Pus-pompe gjeotermale nxehtesie 677,14 49,40 

Pus-kem. V. nxeht.-pom.gjeo. nxehtesie 1.048,83 174,93 

Kaldaje me nafte 569,08 1 38,91 

Kondicionere 366,79 204,28 


- Euro/m 2 

Pus-pompe gjeotermale nxehtesie 76,04 5,55 

Pus-kem. V. nxeht.-pom.gjeo. nxehtesie 117,78 5.55 

Kaldaje me nafte 63,90 19,64 

Kondicionere 41,19 15,60 

Radiatore elektrike 22,04 22,04 


1021 


Euro 


Kosto (cumulative vjetore e ngrohjes 
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Sistemi me kaldaje me nafte 


Sistemi me kondicioner ajer-ajer 


Sistemi Pus-kembyes v. nxehtesie 
-Pompe nxehtesie 

Sistemi Pus-Pompe nxehtesie 


20 vjet 


EuroA/it 


Kosto yjetore i?^rative e kons Limit te energjise elektrike 
ose te lendes djegese per te vene ne pure sistemin 

ngrohes per periudhen 1836 ore 



. Duket qarte se pdfiudha e vetshlyerjes 
se investimeve per sistemin “pus-pompe 
gjeotermale rvcehte sie ” eshte; 


• 1 vit. Ajo mbulohet vetem me shpenzimet qe do 
te beheshin per naften e kaldajes 

• 5 vjet. Ajo mbulohet vetem me shpenzimet qe 
do te beheshin per energjine elektrike te 
kondicionereve. 
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GJEOTERMAL KALDAJE NAFTE KONDICIONERE RAD. ELEK. 

Sistemi ngrohes 


1) Konsiderata ekondfhike. aktualisht, kosto e 
instalimit te KVN-PN eshte me e madhe sesa e 
instalimeve konvencionale me karburant. 
megjithe kete kosto vjetore e “karburantit” te 
sistemit KNP (energjia elektrike per pompen e 
nxehtesise dhe pompat e qarkullimit) jane ne 
menyre te konsiderueshme shume me te ulta 
sesa karburanti i nje ngrohesi konvencional me 
nafte ose gaz. kursehet deri 70% e energjise 
elektrike. keshtu koha e kthimit te shpenzimeve 
te knp eshte me e shkurter se koha e punes se 
vete sistemit ngrohes. 


2) Konsiderata mjediswe. KNP-pompe termike 
eshte nje sistem mjedisor i paster qe nuk 
emeton gaze C0 2 (“efekti sere”), keshtu qe 
evitohet per pronarin e shtepise pagesa e 
takses per emisionin e gazeve co 2 , e cila eshte 
ne diskutim ne vendet e komunitetit europian. 

3) Mbeshtetje Qeveritare. Qeveria Japoneze 
investor! 200 USD per cdo kilovat te Pumpes 
Gjeotermale, me nje limit te siper prej 

5 200 USD. 


In Tirana center 
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Heating/colling by: 

a) Air conditional small units 

b) Oil/gas fired boiler for each 
apartment separately 


Tirana International Hotel 
Climatization by air-air 
chillers. 


New 

Busin 
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THIRRJE PER INVESTIM 

Zgjidhja ekonomike e problemit te ngrohjes ne Shqiperi 
eshte nje detyre e dites, teper e rendesishme, vecanerisht 
me kushtet e krizes energjetike qe po kalon vendi. Nje nder 
rruget e duhura eshte perdorimi i energjise gjeotermale. 

Ne Shqiperi ka nje bum ne ndertimet e godinave te larta 
shumekateshe. Ato ende projektohen te ngrohen me 
kaldaja me nafte ose me gaz, si edhe me kondicionere ajer- 
ajer. Ne te gjitha godinat e institucioneve shteterore 
ngrohja dhe freskimi behet me kondicionere ajer-ajer, 
spitale, konvikte, hotele, etj ngrohen me sistemin me 
kaldaja me nafte ose me qymyr. 


Ka ardhur kohdfqe te dilet mbi synimet e 


• Bisnesmeneve qe tregetojne naftge e gaz, 

• Mbi praktikat e konsumit te energjise elektrike qe 
paguhet nga buxheti i shtetit, ose qe nuk paguhet 
ende. 

Futja e sistemeve ngrohese dhe freskuese me 
anen e energjive te rinovueshme, midis te cilet ate 
te nxehtesise se Tokes, duhet te filloje te mos 
mbetet ne instalimet demostrative. 


Me realizimin e ketij propozimi i behet apel: 
Administrates shteterore qe mbulon problemet energjetike, 

• Komunitetit te biznesit si edhe 

* Opinionit tekniko-shkencor, qe te krijojne mundesi per te 
here ngrohjen e banesave sa me ekonoimike dhe sa me 
mire. 

Shteti, me levat e veta ekonomike duhet te stimuloje futjen 
edhe ne Shqiperi te ketyre sistemeve moderne dhe shume 
ekonomike e miqesore me mjedisin. 

Komuniteti i biznesit duhet ti njohe dhe te investoje per 
ndertimin e sistemeve Kembyes Nxehtesie-Pus-Pompe 
Gjeotermale Nxehtesie, duke hapur rruge per biznese te 
reja, ne plan kombetar. 

Universitet teknike te shperndajne njohurite per keto 
sisteme bashkekohore dhe te behen nxites te zbatimit te 
tyre ne Shqiperi. 


Investimi i nevojshefii 


Per ndertimin e sistemit gjeotermal te 
ngrohjes kerkohet investim ne masen qe 
percaktohet ne varesi te madhesine se 
godines qe do te ngrohet. 

Mbeshtetur ne analizen e kostos se bere 
me siper, kosto e instalimit per keto 
sisteme qe bazohen ne nxehtesine e 
ujerave nentokesore jane : 


70-150 Euro/m 2 . 


SHTEPITE ME ENERGJI ZERO, 
OSE SHTEPITE PASIVE 



MKNAAHIMI | \r.V (>!KS 
PEK ENERtJJ TE WJE 
SJIT^PIE. 5 i.sEtrrn i tili Irjun 
p&tictrue&ifl slrtfiflai t it 
0|KimiEq|e kousuiniti- t 
CTcroiisg. 


pa\hi. kjrjvultaik. 
Kuijij e insuliur 3-4 kW 

eneijyi e pnidhiiur lae qellirn 
plot&imiu e nevojave # 
slitepisg per ettergji tLektritee, 


['LJKBINE ERE. bner^i shtent 
■ hedhur nemLem 


51 STEM f 

TfLANSMtllMJ. 

Njc linje 

komiinikiiTii breads 
slu£pii# e s;iln 
opcimbcm Icons ^im in 
t cnci^jiscf. 


NDHICl’M ME LJ LJCTCVITETTE 
LAltft. 


TOMPE GIEQTERMALE 
NXKHTESll-:. Ndihmqjne nc 
Jnirsimin e mnyjisie se 
nrvujJtmt pei Jiuruhje pth 
ah talk lc k^flriemiL skune 
t# lanfi t£perfiHmjiiK£s, 


PAJESJE .ME RLNDIMLST TL LARTL Pujisje 
cilar e Lejfljue kAhuunstorin t£ 
iii^nyi^ ndjKhmjB ^itrLyii^ e pftcdorur 
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Shfrytezimi i energjise gjeotermale 
ne Shqiperi duhet te filloje sa me 
pare, me anen e projekteve te 
pershtatshem. Eshte nje investim 
me efektivitet ekonomik te larte. 
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Budapest, 2-6 October 2011 

ORIGIN AND TEMPERATURE PROFILES OF THERMAL WATERS FROM 
THE DEPTHS OF THE ALBANIDES 

Alfred FRASHERI 
Anesti QIRINXHI 

Faculty of Geology and Mining, Polytechnic University of Tirana 


ABSTRACT 

In this paper, geological data on the depth of origin and temperature profiles of thermo- 
mineral waters are presented. Albania is rich in geothermal resources of low enthalpy with 
geothermal energy located in different areas of the country and thermo-mineral waters of 
sulphate, sulphide, methane and iodinate-bromide types located in three geothermal zones. 
The location of geothermal springs, their reservoirs and physic-chemical properties of the 
waters, geothermal regime of the geological structures of the Albanides based on temperature 
at different depths, geothermal gradient and heat flow density are here analysed in detail. This 
study is an integrated part of interpretation of geological settings in Albania, contributing in 
two main fields: i) regional geological field of the Albanides, depth ruptures, etc., and ii) 
regional and local studies focused on potential of thermal and mineral water resources and the 
geothermal market in Albania. Both of these aspects are here presented and analysed. 

Keywords: thermo-mineral water, heat flow density, geothermal gradient, geothermal zone 


1. INTRODUCTION 

Albania is rich in low-enthalpy geothermal resources and mineral waters. The amount of 
geothermal energy produced from low-enthalpy resources and the large number of mineral 
water sources provide not only a basis for successful application of modern energy 
technologies in the country, but also an opportunity for effective economic and successful 
integrated and cascade use of geothermal energy. Thermo-mineral waters, their geothermal 
properties, heat flow density, geothermal gradient and temperature are important signals that 
can be taken from the geological depths of the Albanides, geological structures located in 
Albanian territory. 

Much research has been carried out on geothermal, hydro-geological, hydro-chemical, 
biological and medical effects of thermal and mineral water resources, the results of which are 
depicted in maps and geothermal sections. Temperature maps along with geothermal gradient, 
heat flow density and geothermal resources maps have been compiled for depths of down to 
3,000m. Natural thermal water springs and geological structures with a high water 
temperature have also been investigated. 

One of the aims of the present study was to identify the relationship between the high 
temperature of these spring waters and their origin. Geological data gathered from the depths 
of the Albanides are analysed based upon a complex set of geothermal signals. 


2. METHODS 

Studies into geothermal fields and evaluation of geothermal energy in Albania (illustrated in 
Frasheri et al., 2004; Frasheri and Kodhelaj, 2009) were carried out on the basis of 
temperature logs at 84 deep oil and gas wells and 59 shallow boreholes. The results of the 
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geothermal studies are illustrated in maps and geothermal sections, including temperature 
maps for depths down to 3000m, geothermal gradient maps, heat flow density and geothermal 
resources. The natural springs of thermal waters and their reservoirs have already been 
investigated. A platform of integrated and cascade use of geothermal energy resources in 
Albania was performed in 2009, within the framework of the National Water and Energy 
Research and Developing Programme 2007-2009 (Frasheri and Kodhelaj, 2009). 


3. RESULTS AND DISCUSSION 

Thermo -mineral waters of low enthalpy 

Figure 1 depicts many of the thermal springs and wells of low enthalpy in Albania, located 
mainly in areas of regional tectonic seism active fractures. Thermal sources are located in 
three geothermal zones: 

1) Kruja geothermal zone extends from the Adriatic Sea in the North down to South- 
Eastern Albania, at the border with Greece. Geothermal aquifers are represented by a 
karstified neritic carbonate formation of numerous fissures and micro fissures. 

At the northern part of the region some springs and deep wells of discharged thermo- 
mineral waters meet. The hot waters are of type Mg-Cl and have salinity varying from 4.6 to 
19.3g/l, Ca, Na, Cl, K, S0 4 , S0 4 , HC0 3 , and H 2 S, pH value between 6.7 and 8, and density 
from 1.001 to 1.006g/cm 3 . The thermal waters of Nosi Spring contains less than 1.2 TU 
tritium ( 3 H) and -7.66%c Standard Mean Ocean Water (SMOW) 5 18 0. The low level of 
tritium indicates that these thermal waters were created centuries ago. Wellhead temperatures 
in the Tirana-Elbasan northern sub-zone vary from 60 to 65.5°C. In hole Kozani 8, the 
temperature at the top of aquifer reaches 80°C. According to the temperature logs for Ishmi 
1/b and Galigati 2, temperatures deep in the carbonate section are, respectively, 42.2°C and 
52.8°C, while the aquifer temperatures, according to Fournier, Truesdell and Na+K+Ca 
geothermometers are respectively 254°C, 235°C and 143°C. 

The Lengarica River thermal springs, Postenani steam springs and Sarandaporo springs 
are located in the southern sub-zone of the Kruja geothermal area. Thermal water discharges 
as a result of contact between Eocene fissured, karstified limestone and the flysch section. 
The steam flows upwards from the tectonic fault. Waters do not contain H 2 S and C0 2 . They 
have a mineralization factor from 7 to 9 times less than that in the northern sub-zone. The 
water temperature is 29°C, while the discharge varies between 30 and 40 1/s. In the Kruja 
geothermal area most of Albania’s geothermal resources are located. For the Tirana-Elbasan 
northern sub-zone the specific reserves vary from 38.5 to 39.6 GJ/m 2 . The southern sub-zone 
has a lower concentration of resources of 20.63GJ/m 2 . 

2) Located in the coastal area of Albania, Ardenica geothermal zone comprises the 
molasses Neogene brachyanticlines and the northern pericline of Patos-Verbas carbonate 
structure, with the overlying Neogene molasses and it is intercepted by the Vlora-Elbasan- 
Dibra transverse fault. The Ardenica geothermal reservoir comprises sandstone sections of 
Serravallian, Tortonian and Pliocene age. Hot water discharges from some deep wells. Water 
flowing into these boreholes discharges from a depth interval varying from 1,200 to 3,758 m. 
The thermal waters are of type Ca-Cl type and contain between 21.2 and 33 mg/1 iodine, 
110mg/l bromide and 71 mg/1 boric acid. Aquifer temperatures are higher in the sandstone 
layer than in any other layer. At the wellhead, temperatures vary from 32 to 67°C, while the 
resources density range from 0.25 to 0.39 GJ/m 2 . 

3) Peshkopia geothermal zone is located in North-East Albania. Water at 43.5°C 
discharges from a group of thermal springs with a yield up to 14 1/s. The occurrence of these 
springs is associated with a deep fault at the periphery of a gypsum diapir of Triassic age 
penetrating the Eocene flysch. A deep fault represents a seismoactive tectonic belt. The 
thermal waters are of S0 4 -Ca type, with mineralization of up to 4.4g/l and containing 50mg/l 
H 2 S. 


Geothermal regime of the Albanides 
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The tectonics of the region, lithology of its geological section and the local thermal properties 
of the rocks and geological location impact the Geothermal Regime of the Albanides. 

At a depth of 500m, the geothermal field is characterized by relatively low temperatures, from 
20°C to 21°C. In the Peri- Adriatic Depression, wells at a depth of 1,000m have a higher 
temperature, of up to 36°C. At a depth of 6,000m, in the central part of the Peri-Adriatic 
Depression, the temperature is 105.8°C. The isotherm runs parallel with the Albanides strike. 
The temperatures in the ophiolitic belt are higher than in the sedimentary basin at the same 
depth. 

In the Pliocene clay section, at the centre of the Peri-Adriatic Depression, the geothermal 
gradient displays the highest value, about 21.3mK.rn" 1 . The largest gradients are detected in 
anticline molasses structures. The gradient decreases from 10 to 29 per cent where the 
limestone core of anticlines in the Ionic tectonic zone is located, showing that in a depth of 
20km a decrease in the gradient could be observed. This change in gradient coincides with the 
top of the crystal basement. In the ophiolitic belt of the Mirdita tectonic zone, in north-eastern 
and south-eastern Albania, the geothermal gradient values increase up to 36mK.m" 1 . 
Following geothermal modelling, the gradient decrease could be observed also in an area 
deeper than 12,000m at the ophiolitic belt, at the top of the Triassic salt deposits. 

In Albanides, the thermal field scattering (Figure 2) of heat flow density regional pattern 
is characterized by the highest value of heat flow, 42mW/m 2 in the centre of the Peri-Adriatic 
Depression. The 30mW/m 2 value isotherm is open towards the Adriatic Sea shelf. Heat flow 
density values are lower than 25-30mWm" 2 in the Albanian Alps area. This phenomenon has 
occurred because of the great thickness of sedimentary crust, mainly carbonate, in this zone. 
In the ophiolitic belt in eastern Albania (Qirinxhi, 2006), heat flow density values go up to 
60mW/m 2 (Frasheri et al., 2004). Heat Flow Density contours offer a clear configuration of 
the ophiolitic belt. 

Origin of thermo -mineral waters and temperature depth signals 

The entire water chemical composition and the geological setting of geothermal systems in 
the Albanides have been investigated to evaluate the origin of the dissolved constituents and 
mechanisms of water-rock interaction. The temperature of 80-100°C of thermal waters at the 
top of the limestone and sandstone reservoirs at a depth of 1,000-3, 500m, higher than those 
(40-60°C) of the surrounding geological section at the same depths, indicates that the 
brackish thermal fluid moves upwards to the surface from deeper horizons. The faults are 
seismological active belts, providing a preferentially upward path for the warm waters, 
allowing them to travel at depths without losing heat (Figure 3). The temperatures of 150- 
250°C at the aquifers, where brackish thermo-waters are formed, according to the 
geothermometers data, indicate clearly that the depth of the aquifers ranges from about from 
15 to 20 km, based on geothermal modelling (Figure 4). 

Faults were generated as a result of the compression stress leading to rock deformation. 
Correlation among tectonics, seismological activity and geochemical features of the 
circulating fluids indicate that these fluids comprise water extracted from the rocks as a result 
of compression stress. 

Composed mainly of massive gypsum, the outcrops of salt bodies are encountered in 
different zones of the Albanides. In Peshkopia, in central-eastern Albania, gypsum bodies can 
be massively found, representing a tectonic window, surrounded by Palaeogenic and 
Palaeozoic rocks of the Korabi tectonic zone. Some gypsum bodies locally found are 
composed of different halogen salts such as rock salt (NaCl) and sylvine (KC1), outcrops 
among Jurassic, Cretaceous, Palaeogene carbonate rocks and Palaeogene flysch. These are 
related to thrusts and developed in the Ionian tectonic zone (Qirinxhi et al., 1991). The 
outcrops in the Dumrea region, of a large gypsum body, surrounded by Neogene rocks, are 
also related to the thrust. This is the so-called Dumrea gypsum stock, a very large tectonic 
wedge, for long time incorrectly regarded as a diapiric body. Once the tectonic stresses, 
related to the Alpine Post-Oligocene and Post-Tortonian Tectogenesis (Qirinxhi et al., 1991) 
appeared, all the aforementioned gypsum and gypsum-halogen salt bodies moved upwards. 
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The geological and geophysical data show the gypsum and halogen-salt horizon lying 
under carbonate Triassic rocks, though previous studies mark gypsum and halogen-salt rocks 
belonging to the Triassic age. This incorrect stratigraphic analysis was a consequence of the 
interpretation of contact between the calcareous rocks of Upper Triassic age, gypsum and 
halogen-salt rocks in the Ionian tectonic zone. This issue is also depicted in the most recent 
geologic map of Albania (Institute of Geologic Research, 2002; scale 1:200,000). However, 
gypsum and halogen-salt rocks in Albania are of Permian age, representing pre-Alpine 
platform formations, from a geological point of view analogous to their homologues, well 
known in different regions of European countries (in e.g. Russia and Germany), and in Asia 
(e.g. Uzbekistan, Dagestan; Betechtin, 1956). Gypsum and halogen salts were formed in the 
Permian, in a shallow of a very large sea basin(s) under arid climate conditions, widely spread 
in the area of Laurasia, or in all the submerged continents of the World. 

Geothermal fluid moves upwards through the Paleozoic gypsum-halogen-salt bed at the 
bottom of the sedimentary crust, and bodies outcropped up to surface. Moving towards the 
surface, thermal waters may become abundant with various chemical elements and at a 
shallow depth polluted by underground water, creating their chemical composition. 

At a depth of more than 150m, the gypsum is formed mainly from anhydrous CaS0 4 as a 
result of the reaction CaS0 4 + 2H 2 0 = CaS0 4 - 2H 2 0. Thermal waters coming from the depth 
penetrate the gypsum horizon, following faults or between-layer surfaces, dissolving them, 
becoming first enriched with sulphuric acid. They are mostly enriched through dissolution of 
disseminated pyrite crystals from diabase and amphibolite, mostly present in a deep area near 
the gypsum horizon. Their outcrops near the gypsum layer, in the Ionian tectonic zone 
(Qirinxhi, 1970) are a clear confirmation of this analysis. Enriched in S0 4 and in Ca ++ , 
thermal waters have more dissolvent capacity as they dissolve gypsum and bring also from 
each molecule the water released from the dissolved gypsum. The same process takes place 
with the halogen salts. After dissolution, cations and anions pass into the thermal waters 
transformed in thermal-mineral waters, still containing the cations and anions. 

The occurrence of thermal-spa waters, related to the presence of a major fault system and 
deep origin of the geothermal fluids, is the basis on which these faults represent the regional 
deep fractures. 

The heat value is less than the continental average. In the Albanian sedimentary basin, at 
the centre of the Peri- Adriatic Depression of the External Albanides, this low heat value has 
occurred due to the great thickness of a mainly carbonate sedimentary crust in the zone. 
Radiogenic heat generated in the ophiolites is very low. under such conditions, increase in 
heat flow in the ophiolitic belt is related to heat flow transmitted from depth. The highest 
value of the heat flow density in this belt is the consequence of smaller thickness of the 
geological section at the top of the crystalline basement, and the MOHO discontinuity. The 
granites of the crystalline basement along with the radiogenic heat generation comprise the 
heat source. In the ophiolitic belt there are some hearths observed of higher heat flow density. 
Heat flow anomalies are based on intensive heat transmitted from deep and transversal 
fractures. 


4. CONCLUSIONS 

This paper highlights three main issues. Firstly, at a depth of 15-20 km, thermo-mineral 
spring waters in Albania are of tectonic stress origin. Secondly, thermal waters generally rise 
from depth from a Triassic-Paleozoic salt bed at the bottom of the sedimentary crust. The 
permeable fault zones, seismologically active, provide the upward path of the thermal fluids. 
Near the surface, these waters mix with cold fresh underground water from limestone or 
sandstone structures. Finally, the granites of the crystalline basement, combined with the 
radiogenic heat generation, provide the heat source in the ophiolitic belt of the Albanides, 
with the small thickness of the geological section at the top of the crystalline basement. 


4 



1039 


REFERENCES 

Betechtin AG, 1956. Kurs mineralogii. Gosgeoltehizdat Literaturi po Geologii i Ochrane 
Nedr. Moskva. 

Frasheri A, Qermak V, Doracaj M, Li^o R, Safanda J, Bakalli F, Kresl M, Kapedani N, 
Stulc P, Halimi H, Malasi E, Vokopola E, Ku^erova L, Qanga B, Jared E, 2004. Atlas of 
Geothermal Resources in Albania. ( Albanian , abstract in English), Faculty of Geology and 
Mining, Tirana. 

Frasheri A, Kodhelaj N, 2009. Geothermal Resources in Albania and platform for their use. 
Monograph. (Eds. £ela B, Londo A, Shtjefni A, Pano N, Alushaj R, Bushati S, Thodhorjani 
S.) Faculty of Geology and Mining and Faculty of Mechanical Engineering, Polytechnic 
University of Tirana. (Albanian, abstract in English). 

Institute of Geologic Research, 2002. Geologic Map of Albania & cross sections. Scale 
1:200000 , Fier Oil and Gas Institute and Geologic and Mining Faculty of Tirana University. 
(In Albanian). 

Oxford University Press, 1990. Concise Dictionary of Chemistry. New Edition. Oxford & 
New York. 

Qirinxhi AS, 1970. On problems of the space location of ultrabasic rocks of Dinarido- Taurid 
folded Alpine Belt in Albanides example. (In Albanian, abstract in English ). Permbledhje 
Studimesh , 2, 79-98. 

Qirinxhi A, Nasi V., Hyseni A., Kokobobo A., Leci V., 1991. Review on relations of 
Albanide tectonic zones and the main features of their inner structure. (Albanian; abstract in 
English). Buletin i Shkencave Gjeologjike , 1, 129-137. 


5 




GEOTHERMAL ZONES MAP IN ALBANIA 





sss 


1041 



GEOTHERMAL SPRINGE AND EARTHQUAKES ISOSEISTEE 
MAP QF ALBANIA 

Fl0. 3 



Fig. 4. Geophysical regional profile Albanid 1: 

Falco Adriatic Sea-Durres-Tirana-Peshkopi 
(gravity data for Adriatic Sea after Richetti, 1980). 

1, Pliocene (N 2 ); 2, Lower Miocene (Ni)-Paleogenic flysch 
(Pg 3 ); 3, Mesozoic limestone (Mz); 4, Ultrabasic rocks; 

5, Salt; 6, Crystal Basement; 7, Basalt Crust; 8, MOHO 
Discontinuity; 9, Depth up-disjunctive tectonic; Density, 
g/cm 3 ; Temperature, °C; 13, Deep well; AG B , Bouguer 
Anomaly; T, Total Magnetic Field Anomaly; q, Heat Flow 
Density. 
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OUTLOOK ON MULTIDISIPLINARY INTEGRATED GEOPHYSICAL-GEOLOGICAL 
STUDIES FOR SLOPE STABILITY INVESTIGATION AND LANDSLIDE MONITORING 
PRIOR TO ANY DEVELOPED AREAS IN ALBANIA 


Abstract 


Alfred Frasheri 1 , Salvatore Bushati 2 

1- Faculty of geology and Mining, Polytechnic University of Tirana, Albania 
2- Academy of Sciences of Albania 


Slope stability investigation and landslide monitoring in the framework of the emergency situation 
in Albania are presented in the paper. Albania is a mountainous country and geological structures 
represent a environment with possibilities for instable slopes and landslide developments. Based on 
the geological formations and landslide body mass, can be present following landslide classification 
in Albania: 

Instable slopes and intensive landslides developed in weathered bedrocks and in overburden 
bed at the lakeshores of hydropower plants. 

Instable slopes and intensive landslides developed in Oligocene flysch formation. 

Instable slopes and landslides developed in Neogene’s molasses formations. 

Landslides developed in loose Quaternary deposits. 

Downfalls in the weathered rocks 

Developing of new landslides or re-activation of the old ones is mainly due to human activities. 
Special constructions, such as hydrotechnical works, civil, industrial, urban and rural and 
infrastructure constructions, particularly during last decade, as well as destroyed equilibrium in 
ecological systems through deforestation etc., all these events have contributed to landslide 
development. Landslides are located in the deluvial deposits, and in the altered-bedrocks. The 
slipping bodies of some landslides have very big volume, more than 40 million cubic meters. The 
biggest ones are observed at lakeshores near of hydropower plants, which are presented a great 
geological hazard. Actually is very important to avoid natural risks related to the slope instability 
and landslide development. 

Periodical multidisciplinary integrated engineering geophysical-geological-geodesic methods of 
innovative technologies in investigation of slope stability and landslide monitoring have been 
included in survey system. In-situ multidisciplinary geophysical-geological-geodesic investigation 
and monitoring have been realized in three phases: 

1. Surface integrated geological-geophysical survey and installation of geodesic markers. 

2. Drilling of shallow boreholes. 

a) To study the landslide body structure and soil of the landslide area, 

b) Evaluation of in-situ physical-mechanical properties of soils and rocks, 

c) Hydrogeologcal surveys, and 

3. In-situ monitoring of landslide phenomena. 

The basic method have been the seismic tomography and high frequency refraction seismic 
profiling. The natural seismic-acoustic activity inside and outside of slipping body have been 
observed. According to the surveys' data the velocity of P-waves (Vp) and S- waves (Vs) have been 
study slipping body structure and determined the physical-mechanical properties of the soil and 
rocks. Electrical soundings have been performed by the Schlumberger array, with survey depth of 
120-150 m. Together with the geophysical methods mentioned above, the micro-magnetic and 
micro-gravity surveys have been the part of the integrated investigation of landslide areas. Micro 
magnetic mapping present important information for landslide activity prognostic. 
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Set up for the first time of innovative observation systems of multidisciplinary integrated remote 
sensing-geophysical-geological-geodesic technologies for slope stability investigation and landslide 
monitoring prior to areas in near hydropower plant and any city present the main future program 
goal. The transferring of the new technologies for the investigation and monitoring of the landslides 
will allow being undertaken technical-engineering measures necessary for the elimination or 
reduction of the negative environmental effects of the land-sliding phenomenon. Develop 
technology and set up of two innovative observation stations for multidisciplinary monitoring of 
two biggest and most dangerous landslides in Albania have been programmed. 


Conclusions 

Based on the surveys analyses can be reached the following conclusions: 

1. In the profiles, where integrated geophysical surveys have been conducted, are fixed the bodies 
of the studied landslides. In these profiles are also clearly fixed the sliding plains. In general, 
even though the geological conditions in which these slides have been developed are different, 
the plains have regular configuration, with maximum deepness in the center of the profile. 

2. The slipping body, very often, is made of several slipping plains of block like character. 
Especially active today, are the slipping plains located 15 - 20 m deep. The slipping body over 
this plain is mainly made of deluvial - eluvial sediments, or rocky masses with very weak 
physical - mechanical characteristics. Their dynamic is causing more damages every day to the 
houses of the Porava village. 

3. The Porava landslide is the biggest slide studied till now. The lower plane of this landslide is 
located about 100 - 160 m deep. It separates the Lower-Middle Triassic volcanogenic- 
sedimentary rocks, with very low petrophysical characteristics from the volcanogenic- 
sedimentary deposits untouched by the sliding phenomena. The total volume of the whole 
slipping body, from some approximate calculation based on these preliminary geophysical data, 
is estimated to be over 40 million m 3 . 

4. The structure of the slipping body and its dynamic stands in the foundation of the patterning on 
the landslide development. Besides the others, the height of the dam is directly defined from 
this pattern. Accepting the slipping body as a unique mass, has sent to the over heightening of 
the dam and greater expenses. 

5. The block-like character of the sliding bodies brings to the conclusion that the block of these 
bodies can not fall down immediately in any kind of velocity. 
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1. Presentation of the problem: 

Albania is a mountainous country and Albanides are represented geological 
structures with possibilities of instable slopes and landslide development (Fig. 1). 

Based on the geological formations and landslide body mass, can be present 
following landslide classification in Albania: 

- Instable slopes and intensive landslides developed in weathered bedrocks and in 
overburden bed at the lakeshores of hydropower plants. 

- Instable slopes and intensive landslides developed in Oligocene flysch formation. 
Instable slopes and landslides developed in Neogene’s molasses formations. 

- Landslides developed in loose Quaternary deposits. 

Downfalls in the weathered rocks 

Developing of new landslides or re-activation of the old ones is mainly due to 
construction works. Special constructions, such as hydrotechnical works, civil, industrial, 
urban and rural constructions and constructions in the infrastructure, particularly during last 
years, as well as destroyed equilibrium in ecological systems through deforestation etc., all 
these events have contributed to landslide development. Landslides are located in the 
deluvial deposits, and in the altered-bedrocks. The slipping bodies of some landslides have 
very big volume, more 50 than million cubic meters. The biggest ones are observed near of 
hydrotechnical works. 

1.1. Integrated geological-geophysical in-situ investigation for landslide prognosis, 

study and monitoring. 

In-situ investigations and monitoring for investigation for landslide prognosis, study 
and monitoring were carried out by integrated engineering geology-geophysics methods: 
Geological Mapping 
Geomorphological Mapping 

- Hydrogeological Mapping 

- Engineering Geological Mapping 

Geophysical Mapping, in-situ investigation and monitoring 
Gravity micro survey 
Magnetic micro survey 

High Frequencies Seismic Tomography and profiling. 

Geoelectric Tomography, electric soundings and profiling, etc. 
Electrical, radiometric, sonic etc. well logging 
Laboratory analysis and determinations 
Geodesic observations. 
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In-situ geophysical investigation and monitoring are programmed to performed in 
three phases: 

1. Surface integrated geological-geophysical survey and installation of geodesic markers. 

2. Drilling of shallow boreholes, cross-hole seismic survey and well logging. 

3. Periodical geophysical surveys and geodesic observations in boreholes and on the 
ground surface. 

Consequently, geophysical-engineering studies have a complexe character: 

a) To prognoses slope instability and landslide development possibility in the future, 

b) To study the landslide body structure and soil of the landslide area, 

c) Evaluation of in-situ physical-mechanical properties of soils and rocks and 
c) In-situ monitoring of landslide phenomena. 

The basic method is the seismic tomography and high frequency refraction seismic 
profiling. The tomography can be combined with refraction seismic profiling of high 
frequencies at different sectors of the landslide area. Geophone setting in the survey line had 
distances from 1-50 meters, according to the object size and the required seismic depth 
investigation. The longitudinal and shear waves were recorded through the time intercept 
method. The hole-hole seismic tomography of longitudinal and shear waves can be included 
in the surveys program. The natural seismic-acoustic activity inside and outside of slipping 
body is necessary to observe. According to the surveys' data the velocity of P-waves (Vp) 
and S- waves (Vs) can be calculated, as well as the layer thickness. According to all the 
seismic data, the physical-mechanical properties must be calculated for the soil and rocks as 
Poisson coefficient, elasticity dynamic modulus of, Bulk modulus, rigidity modulus and 
module of compression volume strength. 

Electrical soundings can be performed by the Schlumberger array, with spacing up to 
AB/2 = 500 m, which allowed to reach a survey depth of 120-150 m. Resistivity profiling 
can be carrying out by multiple Schlumberger arrays with two-five investigation depths, 
relating to the required depth of investigation for each object. It is necessary evaluating of 
the anisotropy of geoelectrical section. Geoelectrical tomography to investigate the landslide 
area must be included in the investigation program. Resistivity Realsection of the geoelectric 
tomography can be performed by multiple spacing gradient arrays, with maximal spacing in 
dependence of the investigation depth. 

Together with the geophysical methods mentioned above, the micro-magnetic and 
micro-gravity surveys are part of the integrated investigation of landslide areas. Micro 
magnetic mapping present important information for landslide activity prognostic. 

The gamma-gamma density logging, neutron-gamma logging, electrical logging, 
acoustic logging and inclinometers can be applied for boreholes documentation. 

Samples of soil and rocks from the studied area must analyzed in the laboratory for 
determination of their physical-mechanical properties and for further petrological studies of 
thin sections. 

In Albania, the study of the shape and structure of the slipping body, estimation of 
physical-mechanical properties of the slipping body and of the bedrocks, and evaluation of 
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the level of the landslide natural seismic-acoustic activity were carried out using the results 
based on the interpretation of geophysical surveys. Physical-mechanical properties of the 
rocks in the landslide area have documented their important role in relation to the slipping 
body mapping, study of slope stability and dynamics of the landslide’ s development. 


1.2. Discussion and Analyses 

There are analyzed some representative results from the investigation of slipping in Albania, 
which have been developed in different geological conditions. There are discussed the 
possibility of using geophysical studies to leam about the slipping phenomena and situation 
in the condition of the geomorphologic architecture of a mountainous country as Albania. 
The results of the geophysical data for in-situ evaluation of the physical-mechanical 
properties of the rocks in the unstable slopes is included in this analyze. 

1.2.1. Landslide at the lakeshores of the hydropower plants. 

Hydrotechnical works in Albania are generally constructed in conditions of rugged 
terrain and in geological formations in which the land sliding phenomena is often present. 
The land sliding phenomena develops in the basement rocks and the overlaid loose 
sediments. This phenomenon has been more evidently activated after the construction of 
hydrotechnical works. 

The exploitation period of more than 25 years of such a huge hydrotechnical work 
has influenced to the physical-mechanical properties at various parts of this landslide. 

1.2.1.1. The Porava Landslide 

A study conducted in the Fierza hydropower plant, constructed over the Drini River in 
Northern Albania, is a clear example of it. This hydropower plant was build in 1974 and has 
an installed capacity of 500 MW. The lake, created after the construction of the plant, has a 
water volume of 2.7 billion m 3 . The hydropower plant consists of several complex 
hydrotechnical works. The main one is the dam with stones and a clay core, which has 165 
m high and 500 m long. There are observed active landslides in the lakeshores of 
hydroelectric power plants, which represent a great geological risk at Porava village, about 
2.5km from the dam (Fig. 2, photo 1). Buildings have been destroyed in some villages and 
some people died in ruins. This phenomenon has been more evidently activated when 
hydrotechnical works started to be used. During the exploitation period of more than 25 
years, the huge hydrotechnical works influenced the physical-mechanical properties in the 
shore area and caused a series of landslides. According to geological data, gathered during 
the design period, Porava landslide has a slipping mass of about 34 million m 3 . 

Special attention has been paid, since the projection period of this study, to the big slides in 
the shores of the Fierza Lake, especially to the Porava one (Fig. 3). The studies have not 
only included the geological understanding of the shore's solidity but also the understanding 
of the landslides. They also include solidity-integrated calculations through the hydraulics 
patterns. For that, the body fall of the Porava landslide at different speeds (from 5-10 m/sec) 
was simulated. As calculating parameters were used the ones resulted from geological 
studies of that time. All those studies brought to the conclusion that the dike should be 
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Drini River Basin 

Ragami and Porava Landslides location (Scale 1:300 000) 



Porava Landslide area (Scale 1:25000) 
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Cracks of the village houses walls 
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Geological (1074) and geoelectrical (1996) data comparison. 



^ Geoelectrical boundary 


Seismic sizmik 

Geophysical survey 
centre 


Deluvium, most active part of slipping body Volcanogenic-sedimentary bedrock, 

volcanogenic-sedimentary sipping block, ___ resis,ivi *>'- 1000-1500 Ohmm 

1 1 resistivity. 250-350 Ohmm, Vp=1400-3800 m/s|BH! Volcanogenic-sedimentary bedrock, 

Volcanogenic-sedimentary sipping block, resistivity. 3000-3500 Ohmm 

resistivity. 500-300 Ohmm, Vp=3000-3800 m/s 


9 


1051 




Geoelectrical boundary 


Seismic sizmik 


Geophysical survey 
centre 


trm Deluvium, most active part of slipping body Q 

j Volcanogenic-sedimentary sipping block, 

1 resistivity. 250-350 Ohmm, Vp=1 400-3800 m/s[T 

| | Volcanogenic-sedimentary sipping block, 

resistivity. 500-300 Ohmm, Vp=3000-3800 m/s 


Volcanogenic-sedimentary bedrock, 
resistivity. 1000-1500 Ohmm 
Volcanogenic-sedimentary bedrock, 
resistivity. 3000-3500 Ohmm 


10 


1052 


raised 12 more meters over the one initially determined in the project, so that it would be 
more secure. 

Today, based on the data generated from geophysical surveys, the geological knowledge 
about this zone and the visual study of the actual situation of the Porava landslide, it was 
realized the respective analysis of these integrated geophysical works. 

In Fig. 4 is presented the detailed geoelectrical - engineering section. This section was 
compiled based on the date of the vertical electrical soundings. In that can be noticed the 
presence of the very heterogeneous electrical medium in strike and depth. There are two 
categories of geoelectrical borders in the profile. These are the primary borders, connected 
with the separation of the main zones of the slipping body (with that of the deepest plains 
140-160 m deep and with that of the most superficial plane 20 m deep). These slipping 
plains have very different geoelectrical characteristics, because they have different 
geological properties. The second category belongs to the secondary geoelectrical borders, 
which clearly express the changes and the heterogeneity that exists in these two slipping 
planes and in the environment under them. 

First of all, in these geoelectrical markers is expressed the full configuration of the sliding 
structure in the rocks of the volcanogenic sedimentary section. As a result of the slipping 
phenomena, these rocks have low, up to medium specific electric resistivity values (200 - 
100 Ohmm). While the rocks located under the whole massive slipping body have higher 
specific electric resistivity values (in the furthest sector of the profile in the lake side 3000 - 
3800 Ohmm and 1200 - 1400 Ohm in the sector located near the artificial lake of the Fierza 
hydropower plant). 

The most upper part of this slide’s body, represented by the deluvial-eluvial deposits, is very 
active today and has very law specific electric resistivity values (120 - 500 Ohmm). Houses 
and other objects of the Porava district are constantly damaged by this activity. 

The apparent geoelectrical heterogeneity in the strike of the profile, expresses the block kind 
composition that has in general this slide and it also gives an envision of the development of 
this slide in time. 

In fig. 5 is presented the seismic-engineering section in the same profile with the 
geoelectrical one. In this figure can be distinguished very well the upper part of the slipping 
body (the zone 25 m deep). In this section are very well distinguished the two seismic 
parameters (in the speed of the longitudinal and cross waves). The deluvial deposits have 
been fixed with Vp = 400 - 1200 m/s and Vs = 150 - 450 m/s values, while the eluvial 
deposits and the volcanic rocks of the most upper part, located over the slipped plane have 
Vp = 800 - 3880 m/s and Vs = 350 - 800 m/s values. The volcanic deposits located below 
the first slipping plain have been fixed with Vp = 1400 - 3800 m/s and Vs = 600 - 1500 m/s. 

Based on the seismic parameters, the evaluation of the physical - mechanical characteristics 
of the rocks of this sliding body was carried out in strike and depth. In this seismic section 
and in the geoelectrical one, can be seen the block kind nature of the upper part of the 
slipping body and also of the lower part of this body in the basement volcanic rocks. 
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By studying the natural seismic-acoustic activity, different recordings can be noticed in all 
the surveying zones. This shows that the sliding activity is different for different parts of the 
slipping body. The most dynamic zones of this sliding massif are located in places where 
the micro - movements have maximum intensity values. The Porava village is located in 
one of these zones. Because of this activity, many houses, and the soil is damaged and 
slopes have moved about 2 - 4 m within a 2 - 3 years period of time (1994 - 1996)(Photo 2, 
3). 

In the detailed and integrated geophysical - engineering section, can be noticed a 
concordance between the electrical sounding results and the seismic surveying ones, used 
for studying this slide. (Fig. 6). 

Also, in this section can be determined sliding plains, their nature, situation and the content 
of the two parts of the slipping body. The most upper part is made of deluvial-eluvial 
deposits and reaches up to 20 m deep, above the first most dynamic plain of this zone. 
Under this lays the volcanic rock massif, located over the deeper plane of the Porava 
landslide (100- 160 m). This plain is determined and separates the block like sliding body 
from the volcanic rocks, which have not been touched by this sliding activity. 

Based on the results of this integrated geophysical-engineering and geotechnical study 
result: 

1 . There could not happened an immediate fall at any speed of the Porava slipping body. 

2. Even in cases of powerful earthquakes, the slipping body mass can not fall as a whole, 
because it is made of broken up block masses. It can fall parts by parts or in fragments. 
Natural or inductive earthquakes of normal intensity, which happen often in this region, 
till now have not caused massive detachments of the slipping body. 

I.2.I.2. The Ragami Lanslide 

The typical landslide was developed at lakeshore of the Vau Dejes Lake of Hydropower 
Plant in Northwestern Albania (Fig. 7). It is developed in the ophiolitic formation 
represented by serpentinized rocks. The slipping body represents a big mass of serpentinite, 
which is eolated, destroyed and covered by a thin layer of deluvium. According to the 
geological survey in 1992, the landslide did not exist. Landslide has been significantly 
developed during the last ten years (Fig. 8). The yearly movements of water level at Vau 
Dejes Lake caused a big landslide at eolated, weathered and destroyed serpentine rocks. 
Slipping body increased in the extent and in the volume substantially during this period. The 
front part of the slipping body is located along the shores of the lake. This part has the shape 
of a scarp about 2 -3 m high, and represents a destroyed, schistose serpentinite, partly in a 
form of mylonite (Photo 4, 5). 

In fig. 9, 10 are given the integrated geophysical - engineering sections of the slipping body. 
Two main sliding plains separate this body. These plains are broken up. The first plain is at 
depths of 5 - 7 m, while the second one reaches up to 22 m. The lowest part of the second 
plain touches the lake, under the water level. In this way, the sliding body has a block like 


12 



1054 


nature. The physical - mechanical properties of the rock massif of the slipping body are 
lower than those of the basement rocks, not touched by the sliding phenomena. The micro 
movements in the slipping body are very intensive and have a wide frequency band, while 
outside the body there is no such activity (Fig. 1 1). 



Vau Dejes area and Ragami Landslide 
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Ragami landslide body, mylonite serpentinites 
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RAGAMI LANDSLIDE 



Transversal profile 


Legend 

Topographic marker 
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The longitudinal waves velocity Vp, the layer thickness are calculated from the field data are 
presented in the profile. Several continuous iterations have been applied during the data 
processing until the detailed seismic velocity model obtained across the lithological layers at 
depth. 
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GEOELECTRIC LONGITUDINAL PROFILE 
RAGAMI LANDSLIDE 
VAUTDEJES LAKE 
Tirana, December 1998 
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Fig. 7. Engineering integrated geophysical section of the Ragami landslide. 


Fig. 


Three failures in different superficial levels can be observed in this landslide: 

• The first one 35 - 45 m from the shore, with a horizontal dislocation of about 2 m. 

• The second one about 70 - 90 m from the shore, with a vertical jump of about 2 m. 

• The third one about 115 - 130 m from the shore. This is the newest level and has the 
lowest amplitude. 

The physical-mechanical properties of the slipping body are lower than those of the 
basement rocks, not touched by the sliding phenomena. 

Physical-mechanical properties of rocks in the area of Ragami Landslide are 
presented in Tables 1 and 2. 

Tab. 1 


PHYSICAL PROPE1 

RUES IN LA] 

NDSLIDE’S AREA 

Layer 

Numbe 

r 

Thick- 
ness, 
in meters 

Resistivity 
in Ohmm 

Density, 
in g/cm 3 

Wave Velocity, 
in m/sec 

Lithology 





Vp 

Vs 


SLIPPING BODY 

1 

0.7 

76.4 

1.34 

210 

160 

Deluvium 

2 

4.0 

29.5 

1.61 

540 

230 

Breaking 

serpentinite 

3 

6.5 

46.5 

2.45 

3700 

680 

Water-bearing 

serpenti-nite, 

4 

17.4 



1500 


Breaking 

serpenti-nite 

BED ROCKS 



485 

2.56 

3500 

1920 

Serpenti-nite 
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Tab. 2 

. MECHANICAL PROPERTIES IN LANDSLIDE’S AREA 


Layer 

Num- 

ber 

Poisson’s 

Ratio 

Dynamic 
Modulus of 
Elasticity, 

E d s 

in *10 5 
kg/cm 2 

Rigidity 

Modulus 

G, 

in *10 5 
kg/cm 2 

Volume 

Compre- 

ssion, 

<J, 

in *10 5 

2 

kg/cm 

Rock state 

SLIPPING BODY 

1 

0.35 

0.00370 

0.00140 

0.00420 

soft rocks 

2 

0.39 

0.02413 

0.00868 

0.03630 

Destroyed, shattered rocks 

3 

0.48 

0.56586 

0.19167 

3.26503 

Cleavages and fissured 
rocks 

4 


0.26325 

0.09608 


Destroyed, shattered rocks 

I 

5ED ROCKS 


0.29 

2.46271 

0.96199 

1.91408 

Compact rocks 


As documented in Tables 1 and 2, four layers with different physical-mechanical 
properties create the slipping body. First layer represents the deluvial cover. Layers 2 and 4 
are represented by destroyed-shattered serpentinite. The third layer in between is 
characterized by low electrical resistivity and low shear waves velocity. It corresponds to the 
water saturated cleavages and fissures in the serpentinite. 

The dynamics of slope movement is also reflected in the natural seismic-acoustic 
activity. The micro-movements in the slipping body are very intensive and have a wide 
frequency band. No movement activity is observed outside the slipping body (Fig. 11). 




Outside of slipping body Inside of slipping body 

Fig. 8. Natural seismic-acoustic activity in the Ragami landslide area 

After the analyze of geophysical investigations in Ragami landslide, have been concluded: 

1. Thick and high volume slipping bodies represent the Ragami active landslide in the 
shore area of the Vau Dejes Lake. 

2. The extent of the landslide and the position of sliding plains were precisely fixed using 
the integrated geophysical survey. 
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3. The block-like character of the sliding bodies brings to the conclusion that the block of 
these bodies can not fall down immediately in any kind of velocity. 

1.2.3. Landslide in the Oligocene flysch formation. 

There are instable mountain and hill slopes, slipping of rocks masses, sometime of 
great sizes and catastrophic results. In some cases even villages or parts of villages were 
destructed, as Guri Zi in Elbasani region, Moglica in Devolli River region, Gjyras in Maliqi 
region etc., and without mentioning the blockage of auto-roads and railways. 

I.2.3.I. The Banja Landslide 

This slide was created when the derivation tunnel of the Banja hydropower plant was dug. It 
was developed during drilling in the flysch formations of Paleogene (Fig. 12, photo 6). The 
high content of thick sandstone layers, dipping according to the relief, is very characteristic 
for the flych section. This landslide completely ruined the derivation tunnel built till that 
time. 

In fig. 13 is given the integrated geophysical - engineering section along the Banja slipping 
body. The maximum depth of the strike of the sliding mass is 22 m (in the center of the 
profile). The geoelectrical characteristics of the slipping body are very distinguishable from 
those of the flysch formation located outside the slide. The same thing is for the spreading 
velocity of seismic waves. The slipping body is very heterogeneous and is made of different 
blocks. 
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BANJA LANDSLIDE 
BANJA HYDROTECHNIC WORKS 
March, 1991 



Legend 

Diluvium, siltstone, resistivity 10-20 Ohmm 
Flysch, slipping block, resistivity 30-40 Ohmm 

Sandy flysch, slipping block, resistivity 60 Ohmm, Vp=1 000-3000 m/sec 
Sandy flysch, slipping block, resistivity 60-130 Ohmm, Vp=4500 m/sec 
Flysch, bedrock, resistivity 10-20 Ohmm, Vp=4100 m/sec 
■ Sandy flysch, bedrock, resistivity 15-60 Ohmm, Vp=5000 m/sec 
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This slide was characterized by a very intensive dynamic of the movement of the sliding 

a 

body mass. For about one month, a sliding mass of 17 000 m was displaced about 5 - 7 m, 
according to geodesic markers. This dynamic is also expressed in the natural sismoacustic 
activity. Inside the sliding body predominate higher frequencies than outside it (Fig. 14). 
The micro - movements have an amplitude many times higher. 

I.2.3.2. Guri Zi village landslide 

Guri Zi village is located about 12 km north-east of Elbasani city, at the upper stream of 
Zaranika River. Oligocene flysch formation is extended in this mountain area (Fig. 12, 16). 
At the Guri Zi village and its environment area is located intersection of the regional 
transversal fault Vlore-Elbasan-Diber and western thrust tectonic of the Krujas tectonik 
zone. This area represents a part of very seismically active Elbasani zone, with the 
earthquakes intensity 9 balls MSK-64. Geological setting, very intensive seismological 
activity in the past, hydrological regime of the mountain’s streams, have created the unstable 
slops and landslide development, with gigantic sliding body (photo 7, 8). 



GEOLOGCAL MAP OF ELBASANI AREA 


TOPOGRAPHICAL MAP OF ELBASANI AREA 
(Scanned after 1:300 000 scale) 
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Guri Zi Landslide area 
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TM Image 1986 c AWAP 
Processing by Ismail Hoxha, 2004 

Guri Zi Landslide area 
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I.2.3.3. Moglica and Gjyrasi village landslides 



1.2.4. Landslide in the Neogene’s molasses formations. 

Landslides in the Neogene’s molasses are located in several Albanian zones, with different 
sliding body mass. 

I.2.4.I. Durresi landslide 

Durresi city area is characterized by a presence of neogene molasses formation: (Frasheri A. 1987, 
Hyseni A., et al, 1976, 1986, Leci V. et al. 1986): sandstone-clay Tortonian deposits, clay, sandstone interbeds 
and lens, and gypsum debris and blocks Messinian deposits, and silty clay of. Pliocene Helmesi Suite (N 2 H ). 
Durres structure is asymmetric top part of the big anticline. Western anticline limb has a 
dipping about 20-30°. Eastern flank is tectonically abrupt and has a dipping 45-55°. Top 
Durresi anticline is located about 1600 m at the west of the coastal line. Part of Durresi city 
is located over the Neogene’s molasses hills (Photo 9). The Pliocene clay slope at southern 
part of the Durresi hills is unstable. There the big landslide activity is observed (photo 10). 
Over this slope have been constructed many buildings. Actually, in several buildings have 
observed wide wall craks. 
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Durresi Landslide 
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Subsidence of the villa wall, caused by landslide 
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Cracks in the villa walls and transversaly of the road 
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I.2.4.2. Krraba landslide 



I.2.4.3. Landslide in irrigation reservoir at Vuno village. 


Landslide in the irrigation reservoir in the Vuno village has been activated during the 
drawing, caused by mechanical suffusion from augmentation of the hydraulic gradient at the 
reservoir slopes. 

Geological setting of the reservoir area is presented by overburden bed, composed by 
mylonite breccia in the allochtone tectonized belt of the Upper Jurassic carbonate layers and 
calcareous slate, which have been dislocated by gravity tectonics, over the terrigenous 
formation. Overburden deposits are classificated as coarse and granule sand with cohesion 
0=0. 1 kg/cm2 and fraction composition: 


Fraction >2mm 30-28% 

2-0.05 mm 24-39% 

0.05-0.002 mm 15-21 

<0.002 mm 0-12% 


Unrounded clastic chert and limestone mater composes granule sand fractions. 

Electrical soundings, located at two profiles over the landslide body, have carried out by 
Schlumberger array, with a current electrode maximal spacing AB/2=150m (fig. 1). At fig. 2 
Is presented the geoelectrical profile. First geoelectrical layer represents sliding body, with a 
thickness 10m. Overburden deposits compose landslide body with a resistivity 50 Ohmm. 
Second layer is composed by plastic and soft clay deposits with lower resistivity (1.2- 
50)Ohmm, cohesion 0=0.12 kg/cm 2 , internal scouring angle 11°, and thickness 4m. This 
layer represents slickenside. Lower geoelectrical layer has higher a resistivity (200- 
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750)Ohmm, which is represented by elluvial sand and argilloite, carbonate mylonite and 
tectonics breccia, and several limestone blocks with higher resistivity (2600-4500)0hmm. 

Borehole has very good verified electrical soundings interpretation. Electrical well logging, 
by a B0.1A0.95M has very detailed selected all layers. After laboratory analysis of the 
samples has been observed that landslide body deposits and bedrocks have different 

Q 

physical-mechanical properties: respectively volume weight 1.71 g/cm and (1.83- 
1.95)g/cm 3 , porosity 57.3% and (34.7-46.4)%, natural rock moisture 33.4% and (28.3- 
29.8)%. 


I 



Fig. 1. Vuno landslide topographic sketch 

1- Landslide contour 

2- Eletcrical sounding centre 

3- Borehole 
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Fig. 2. Geoelectrical section, Vuno landslide 

1- Sliding body; 2- Slickenside bed; 3- Overburden bed; 4- Mylonite and tectonized 
breccia of thin layered limestone; 5- Lithological boundary; 6- Electrical sounding centre; 7- 
Apparent resistivity curve of electrical soundings; 8-Borehole. 
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1.2.5. Downfalls in the weathered rocks 
I.2.5.I. Kruja Castle 

The Castle of Kruja is the symbol of the culture and Albanian history. This castle is related 
with the most glorious epoch of the Albanian National Hero Skanderbeg (Photo. 11). 




Kruja C as tel 


Downfalls in the Kruja hill 
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GEOPHYSICAL ENGINEERING SECTION 
KRU JA CASTLE AREA 
April, 1996 



Legend 

c.i 

▼ Geophysical-engineering survey centre 
Seismic boundary 
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Resistivity, in Ohmm 


Fig. 2 


Many excavations have been conducted up to present, aiming at bringing out the interior 
part of the Castle and the clock tower. The surrounding walls have been completed with a 
museum structure as the Museum of the National Hero, where every visitor gets acquainted 
with one of the most remarkable moments of the Albanian history. In 1995, the Castle, 
which was considered relatively safe, was “shaken up” under the Gjergj Kastrioti 
Skenderbeg Museum. The downfall occurred after a period of heavy rainfall, characterized 
by heavy showers and a rapid decrease of temperature. The overnight downfall of the large 
detached masses of about hundreds of cubic meters was unexpected. Now the ground has 
started to deteriorate and at the sides of the castle, in some places is developing a process of 
collapse. This is a well known phenomena for this Castle. The deterioration has also 
continued during 1996-1997 though the detached rocks have been smaller in size. 

Geophysical surveys have been carried out for ground investigation. The results of the 
surveys are presented on the geoelectrical-geotechnical section (Fig. 18). It can be seen on 
the section that the rock massive, where the Castle was constructed, is composed of breccia- 
conglomerate formation. The breccia-conglomerate formation onlaped on the Oligocenic 
flysch section. The upper part of the flysch section around the Castle is covered by 
deluvium, l-h4 m thick. Under the deluvium lays the weathered layer. The breccia- 
conglomerate massive, where the castle was constructed, consists in 3-4 main layers, which, 
in extension have different thickness and are heterogeneous. The layer that attracts the 
attention more is the third geoelectrical layer, which is located at a depth of 3-24 m. Its 
resistivity varies between 300-900 Ohmm, which is significantly less than those lying over 
and under that. This layer, generally is characterized also by smaller velocities of 
longitudinal and transversal seismic waves, which vary between V p i = 500-1800 m/sec and 
Vsi = 400-830 m/sec, meanwhile the layers lying under it have a velocity of the range 2300- 
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3100 m/sec and 870-1050 m/sec respectively. The dynamic module of elasticity of the first 
seismic layer varies between the limits 390-1400 kg/cm , which apparently has a very low 
value. The statistical analysis of the samples of the volumetric mass resulted in a large 

a 

distribution of this property. The minimum values vary from 2,12 g/cm to a maximum of 
2,45 g/cm 3 . These indexes underline the fact that in the surveyed centers we are in the 
presence of a breccia-conglomerate layer heavily destroyed, containing a large quantity of 
saturated clay, though in a very weak state. 

The observation of the natural seismic micro noises has shown that the breccia conglomerate 
rock massive has a noise level 2-8 folds higher than in the flysch profile touching along side 
this massive (Fig. 19). This shows that the systematic destruction of the massive is in a 
continuous process. Inside the rock massive, the seismic micro noises increase towards its 
outskirts. 


4. Conclusions 

Based on the above analyses can be reached the following conclusions: 

6. In the profiles, where integrated geophysical surveys have been conducted, were fixed 
the bodies of the studied landslides. In these profiles were also clearly fixed the sliding 
plains. In general, even though the geological conditions in which these slides have 
been developed are different, the plains have regular configuration, with maximum 
deepness in the center of the profile. 

7. The slipping body, very often, is made of several slipping plains of block like character. 
Especially active today, are the slipping plains located 15 - 20 m deep. The slipping 
body over this plain is mainly made of deluvial - eluvial sediments, or rocky masses with 
very weak physical - mechanical characteristics. Their dynamic is causing more 
damages every day to the houses of the Porava village. 

8. The Porava landslide is the biggest slide studied till now. The lower plane of this 
landslide is located about 100 - 160 m deep. It separates the volcanogenic-sedimentary 
rocks with very low petrophysical characteristics from the volcanogenic-sedimentary 
deposits untouched by the sliding phenomena. The total volume of the whole sliding 
body, from some approximate calculation based on these preliminary geophysical data, 

o 

is estimated to be over 40 million m . 

9. The Porava slipping body is heterogeneous and composed of blocks. 

10. The block like nature of the sliding bodies brings to the conclusion that in general these 
bodies can not fall immediately as a whole, in any kind of velocity. Only in particular 
cases, like in Banja, the fall occurs immediately. 

1 1 . The structure of the slipping body and its dynamic stands in the foundation of the 
patterning on the landslide development. Besides the others, the height of the dam is 
directly defined from this pattern. Accepting the slipping body as a unique mass, has 
sent to the over heightening of the dam and greater expenses. 
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12. Thick and high volume slipping bodies represent the Ragami active landslide in the 
shore area of the Vau Dejes Lake. 

13. The extent of the landslide and the position of sliding plains were precisely fixed using 
the integrated geophysical survey. 

14. The block-like character of the sliding bodies brings to the conclusion that the block of 
these bodies can not fall down immediately in any kind of velocity. 

4. Geophysical-engineering studies have a triple character: a) to study the soil of the 
landslide area, b) evaluation of in-situ physical-mechanical properties of soils and rocks and 
c) in-situ monitoring of landslide phenomena. 
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Abstract 

In the paper problems of IP mining exploration are analyzed and solutions presented. The dipole-dipole 
array configuration is considered as a symmetrical array in terms of the reciprocity principle. This 
paper demonstrates that the IP/Resistivity anomaly configurations depend on array geometry. The 
IP/Resistivity anomaly configuration observed with a C 1 C 2 -P 1 P 2 array is not the same as the one 
observed with a P 1 P 2 -C 1 C 2 (reversed) array. 

The inversion of IP pseudo-section of a dipole-dipole array survey is evaluated by resolution capability 
and stability of inversion solutions. The analysis presented in the paper, which is based on new data from 
mathematical and scale modeling of IP anomaly effect, as well as field survey results, presents also the 
necessity to taking into account aspects of non-linear IP phenomenon. 

The analysis includes results of 2D and 3D mathematical and scale modeling performed in the Institute of 
Informatics and Applied Mathematics, and in the "Ligor Lubonja" Laboratory of Geophysics at the 
Faculty of Geology and Mining, Polytechnic University of Tirana and at the Geophysical Department, 
Albanian Geological Survey (Alikaj P. 1981, Frasheri A. et al. 1984, 1994, 1995, 2000). 


Key words: Dipole-Dipole array, Reciprocity Principle, IP anomaly, Apparent Resistivity 
Anomaly, Inversion. 

1. Introduction 

In the practice of electrical prospecting surveys various array configurations are employed. The 
location of the current and potential electrodes is defined by the geological tasks to be solved. 
The dipole - dipole array is one of the most common arrays in mineral exploration. This is 
considered a symmetrical array in terms of the principle of reciprocity, so when the current 
electrodes are respectively switched to potential electrodes the same responses in IP and 
resistivity values would be observed. However, our recent mathematical and scale models 
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indicate discrepancies in this regard in several cases. This can lead to inaccurate target location 
and negative drilling results. To avoid such situations, the electrode orientation in the survey line 
has to be considered in the interpretation. 

2. Presentation of the problem 

The well-known reciprocity principle stands on the basis of many array configurations in 
electrical prospecting like pole - pole, dipole - dipole, Schlumberger, Wenner, etc. (Keller and 
Frischknecht 1966, Zabarovsky 1963, Frasheri et al. 1985). “According to the theorem of the 
reciprocity, no changes will be observed in the measured voltage if the placements of potential 
and current electrodes are interchanged. The reciprocity can readily be confirmed for an electrode 
array over a homogeneous earth” (Keller and Frischknecht 1966). Reciprocity principle has been 
discussed also by Parasnis D.S. (1988). 

The heterogeneous medium presents a more complicated problem. Zabarovsky (1963) shows that 
if a body A has received an electrical charge Qa, a body M will have a potential Um related with 
the charge Q A according to following the equation: 

^ M = OC AM *Qa 

where a AM is a coefficient dependant on the shape of bodies A and M, their reciprocal position 
and the boundaries of heterogeneity. If the reversed operation would take place, i.e. the body M 
to receive electrical charges of Q M then the potential U A of the body A would be: 

U A = ^ MA 

In the electrostatic phenomena science it is proved that a AM = a MA . If this equality is true, then 
Qm=Qa and as a consequence U M =U A . Translating this result into language of electrodynamics, 
one may say that the potential of electrode M created by the effect of electrode A would be equal 
to the potential of the electrode A, if the currents would be emitted in the ground by the electrode 
M, with the condition that the product I * p remains the same. On this basis Zabarovsky (1963) 
concluded that the principle of reciprocity is valid for heterogeneous media as well. In 
homogeneous or horizontally stratified media the principle of reciprocity is true for any surveying 
array. In a heterogeneous environment this principle is absolutely true for four electrode 
Schlumberger, Wenner and pole-pole (half-Wenner) arrays. The dipole-dipole array presents a 
complex behaviour: for vertical targets of thickness d > a (a stands for dipole spacing) the 
principle of reciprocity is met while for d comparable and thinner than a, the asymmetry is 
noticed in intensity and shape of the twin responses (Keller and Frischknecht 1966, Frasheri et al 
1985). In IP method the principle of reciprocity is more complicated. 

In several field surveys asymmetrical IP/Resistivity responses are observed with dipole - dipole 
array for opposite orientations of the potential and current electrodes in the survey line. To 
further investigate this phenomenon some mathematical models were carried out with a program 
of finite element method (Frasheri A. and Frasheri N. 2000). 

In routine practice of electrical prospecting using dipole-dipole array little attention is paid to the 
evaluation of anomaly configuration regarding to position of target relative to current and 
receiving electrodes. In many publications with the results of forward modeling and inversion, 
the position of electrodes in the survey line is not shown (Dey, A., and Morrison, H. F., 1979, 
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Tsourlos, P.I., et al., 1998, Tsourlos, P. I. and Ogilvy, R. D. 1999). In certain conditions, this fact 
affects the results of target interpretation. 


The mathematical computation of the IP effect is based on the Bleil 1953 and Seigel 1959 
formulae: 


Uip= c xjvt/ : 


f-1 

uJ 


xdv 


( 1 ) 


Where: Ui p is the IP potential; 


R is the distance vector from the integration point to the receiving point; 

VU is the potential gradient of the primary electrical field, calculated by solving 
the finite element model. 


To perform the mathematical modeling and the inversion of IP data, we have used the Komarov’s 
(1972) approach: 

C.(Uo+Uip) = C.Uo (2) 

where: Uo is the potential of the primary electrical field, 

Uip is the potential of the secondary electrical (IP) field, 

C is the IP susceptibility. 

Based on mathematical modeling of the IP anomalous field, there is a formal similarity of the 
polarizable medium and the increase of electrical specific resistivity of this medium as proposed 
by Komarov (1972) and used by many other authors (Avdeevic and Fokin 1992, Frasheri 1989, 
Frasheri et al 1994, Frasheri, and Frasheri 2000, Hmelevskoj and Shevshin 1994, Tsourlos , 
Szymanski and Tsokas, 1998, Tsourlos and Ogilvy, 1999): 


y*=y(l-m) 


or p*=- 


yil-m) 


(3) 


where: y *, p* are fictive electrical conductivity and resistivity, considering the polarizability as 
well, 

y is electrical conductivity 
m is IP chargeability 

For 3D modeling of IP effect from targets with massive texture in homogeneous medium we 
have transformed the Bleil formulae, using Green’s formulae (Frasheri N. 1983, Frasheri A., 
Frasheri N. 2000): 
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Where: R is the distance vector from the integration point to the measurement point 

dU/dn is the gradient of the primary electrical potential on the boundary S of the target. 

Fig. 1 indicates the results of a mathematical IP model through finite element method, compared 
to a similar field situation. With the same method of finite elements, simultaneously with the IP 
effect, the apparent resistivity is calculated as well. 
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In Fig .2 are given the IP profiles obtained theoretically, calculated with our program and 
observed in scale model. In both figures it is noticed that the accuracy of mathematical model is 
good. 

2 . Numerical results for different models 

Figs. 3 and 4 present the mathematical model results of IP and resistivity responses with dipole- 
dipole profiling. Two anomalies are observed on both parameters. Considering the reference 
plotting point in between the potential electrodes Pi and P2, one of the anomalies is obtained over 
the prism while the second one at a distance O1O2 , between the centers of the current and 
potential dipoles. This presentation is conditioned on the distribution of electrical field of the 
dipole - dipole array. Because a mirror image is missing in the center of the profiles, especially 
for IP, it means that C1C2P1P2 array responses are not equivalent with P1P2C1C2, or in 
mathematical terms, the principle of reciprocity is not strictly met. Keller ( 1966 ) presents the 
same phenomenon for the apparent resistivity. 



Fig. 1 . A finite element section of an IP irregular body over a relief. 



Fig. 2 . IP profiling over a prism: Theoretical, calculated and physical modeling. 
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Fig. 3. IP and Resistivity mathematical modeling. Dipole-dipole profiling, CiC 2 -PiP 2 =l Dx, 
n=16 Dx. 

Model: 2D horizontal prism at depth 5 Dx, dimensions of the prism section 2x2 Dx. 
Resistivity of the prism 1 Ohmm, IP Chargeability 500 mV/V, Resistivity of the 
environment 1,000 Ohmm, IP Chargeability of the environment 0.01 mV/V. 


5 



Fig. 4. IP and Resistivity mathematical modeling. Dipole-dipole profiling. CiC 2-P1P2=2 Dx, 
n=l-10 Dx. 

Model: 2D vertical prism at depth 1 Dx, dimensions of the prism section 2x9 Dx. 
Resistivity of the prism 20,000 Ohmm, IP Chargeability 500 mV/V, Resistivity of the 
environment 1,000 Ohmm, IP Chargeability of the environment 0.01 mV/V. 
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In pseudosection presentation, where the plotting point is located at the intersection of lines 
coming at 45° from midpoints between C 1 C 2 and P 1 P 2 , these anomalies are located in both sides 
of the prism (Figs. 5, 6, 7, 8). For the resistivity parameter this location is almost symmetrical in 
shape and amplitude, for the vertical target (Fig. 5). The symmetry is perfect in cases when the 
thickness of the prism is equal or greater than the dipole spacing “a”, and becomes poor for 
thinner prisms (Fig. 8). 

Alternatively, the IP anomalies are asymmetrical even in cases of vertical prisms (Fig. 3, 5 and 
8). In such cases, the epicentre of the most intensive anomaly is displaced on the side of current 
dipole C 1 C 2 . For shallow inclined prisms, the epicentres of both IP and resistivity anomalies are 
displaced on the opposite side of the dip. 

The configuration of the IP/Resistivity anomaly is also dependent on the dip angle amplitude, 
relative to the current electrodes location. 

The substantial difference between the electric field distributions in both cases clearly expresses 
the changes in IP anomaly configurations for gradient and dipole-dipole arrays. Fig. 9 depicts 
such variations. The amplitude and the asymmetry of IP anomaly depend on the orientation of the 
polarizing vector of the primary electric field in connection to the prism location. In fig. 10 is 
presented the electric polarizing field distribution for the gradient array and dipole-dipole array. 

The response becomes more complicated when several targets are located under the surveying 
line. For a situation with two parallel polarisable inclined prisms like that in fig. 11, both C 1 C 2 - 
P 1 P 2 and P 2 P 1 -C 2 C 1 dipole-dipole arrays obtain a single IP anomaly in the centre and present 
some differences in contours shape. A formal interpretation or even an inversion on these results 
cannot outline the presence of two distinct targets. Our mathematical model with IP “Real 
Section” array (Alikaj 1981, Langore Alikaj and Gjovreku 1989, Lubonja, Frasheri and Alikaj 
1994) over the same targets, however, provides a different picture with two distinct anomalies 
(Fig. 12). 

In parallel with mathematical modelling, the asymmetrical configuration of the IP and resistivity 
anomalies depending on location of current and potential dipoles in relation to polarisable target 
is also supported by the scale modeling (Fig. 13). 

Asymmetrical IP and resistivity anomalies, depending on the location of current and potential 
dipoles in relation to target is not always without problems in manual or inversion interpretations 
of the IP/Resistivity data surveyed with a dipole-dipole array. 
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Fig. 5. IP and Resistivity Pseudosection with dipole-dipole array. CiC 2 -PiP 2 =l Dx, n=l-ll Dx. 
Mathematical model: 2D vertical prism at depth 2 Dx, dimensions of the prism section 
1x2 Dx. Resistivity of the prism 1 Ohmm, IP Chargeability 300 mV/V, Resistivity of the 
environment 100 Ohmm, IP Chargeability of the environment 0.01 mV/V. 
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Fig. 6. IP and Resistivity Pseudosection with dipole-dipole array, CiC 2 -PiP 2 =l Dx, n=l-ll Dx. 
Mathematical model: 2D inclined prism at depth 2 Dx, dimensions of the prism section 
1x2 Dx. Resistivity of the prism 1 Ohmm, IP Chargeability 300 mV/V, Resistivity of the 
environment 100 Ohmm, IP Chargeability of the environment 0.01 mV/V. 
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Fig. 7. IP and Resistivity Pseudosection with dipole-dipole array, PiP 2 -CiC 2 =l Dx, n=l-ll Dx. 
Mathematical model: 2D inclined prism at depth 2 Dx, dimensions of the prism section 
1x2 Dx. Resistivity of the prism 1 Ohmm, IP Chargeability 300 mV/V, Resistivity of the 
environment 100 Ohmm, IP Chargeability of the environment 0.01 mV/V. 
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Fig. 8. IP and Resistivity Pseudosection with dipole-dipole array, CiC 2 -PiP 2 =l Dx, n=l-ll Dx. 
Mathematical model: 2D vertical prism at depth 1 Dx, dimensions of the prism section 
4 x 50 Dx. Resistivity of the prism 3 Ohmm, IP Chargeability 50 mV/V, Resistivity of the 
environment 1,000 Ohmm, IP Chargeability of the environment 0.01 mV/V. 
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Fig. 9. IP anomaly configuration dependence on location of the target. 
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Fig. 10. Distribution of the primary electric field potential (Uo) of a transmitting dipole: 

(a) Gradient array AB max = 30 Dx 

(b) Dipole-dipole array C 1 C 2 = 1 Dx. 

Mathematical model: Vertical prism. Dimensions of the prism 2 x 30 x 20 Dx, Resistivity 
of the prism 20,000 Ohmm, Resistivity of the environment 1,000 Ohmm. 
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Fig. 11. IP Pseudosection with dipole-dipole array, CiC 2 =PiP 2 =l Dx, n=l-39. 

Mathematical Model: Two parallel inclined prisms (dip=70°) at depth 5 Dx, dimensions 
of the prisms 1 x 20 x 20 Dx. Distance between the prisms 10 Dx, Resistivity of prisms 
2000 Ohmm, IP Chargeability 500 mV/V, Environment Resistivity 500 Ohmm , IP 
Chargeability 0.01 mV/V. 
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Fig. 12. IP “Real Section” with multiple gradient arrays. IP contour interval 2 mV/V. 

Mathematical Model: Two parallel inclined prisms (dip=70°) at depth 5 Dx, dimensions 
of the prisms 1 x 20 x 20 Dx. Distance between the prisms 10 Dx, Resistivity of prisms 
2,000 Ohmm, IP Chargeability 500 mV/V, Environment Resistivity 500 Ohmm, IP 
Chargeability 1 mV/V. 
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Fig. 13. IP Pseudosection with dipole-dipole array, PiP 2 =CiC 2 =l Dx, n=l-24. 
2D Scale Model: Target: Copper vertical prism at depth 1 Dx, 

Section of the prism 0.5 x 2.5 Dx 
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3. Some considerations on IP data inversion 


The inversion of IP data became a necessity to better define the attitude of a target in complex 
configuration of IP anomaly in section due to migration and array geometry. 

In this part of the paper aspects of IP data inversion theory are considered, as well as resolution 
capability and stability of inversion solutions. This analysis is based also on new data from 
mathematical and physical modeling of abnormal IP effect, taking into account aspects of non- 
linear IP phenomenon. 

The calculation of IP effect is based on the formula of Bleil. The evaluation of Komarov is used 
for both modeling and inversion of IP data, supposing a formal similarity of environment 
polarization with the increasing of its specific electrical resistivity. In all calculations, the effect 
of IP is supposed to be a linear phenomenon. Such modelling and inversions of IP 
pseudosections, carried out by many authors, have been steps forward for the interpretation of IP 
survey data and for the evaluation of IP method. But new facts on the non-linear nature of IP 
phenomenon, together with results of mathematical and physical modeling of last ten years rise 
new problems in IP modeling and inversion. If these problems will remain unsolved, the 
effectiveness of IP method will make no progress. 


It is known that IP is considered as a linear phenomenon in all mathematical calculations, 
including inversion which creates several characteristics in the configuration of the 
mathematically calculated IP anomalies (Fig.5, 6, 7): 

1. The upper part of anomaly corresponds with the upper edge of the polarized target. 

2. Anomalies remain open towards the depth, even below the bottom edge of the targets. 

Continuation of IP anomalies below bottom edge of targets makes the interpretation difficult and 
target extension determination at depth as unsure. The presentation of anomalies is more complex 
in pseudosections, for dipole-dipole survey configuration (Fig.5, 6, 7, 8, 10, 11). Migration of 
anomalies in pseudosections depends on dip angle of the targets and on position of transmitting 
and receiving dipoles relative to target (there are left-arrays C 1 C 2 -P 1 P 2 and right-arrays P 1 P 2 - 
C 1 C 2 ). The reason of such configuration of IP anomalies is due to assumption on linear behaviour 
of IP phenomenon in mathematical calculations, namely the primary and secondary voltages are 
linear in a broad band. 

Due to the different polarizing situations, IP phenomenon is characterized by: 

1. Near surface targets, due to surface polarization (massive sulphide) reach the nonlinearity 
regime of the secondary (IP) voltage very easily, because a major part of current density is 
attracted by them. As a result, the secondary voltage is grown faster than the primary voltage 
and consequently, their ratio (chargeability) reflects higher values. 

2. Increasing the current dipole spacing in order to increase the depth of investigation, 
significant decrease of the primary (polarizing) voltage will take place at depth (Fig. 10). Due 
to decreased current density, the secondary (IP) voltage will bear at its linear behaviour 
(proportional to primary voltage) and as a result a smaller chargeability anomaly will be 
obtained at depth. In Fig. 14 is presented an IP “Real Section” obtained in 2D scale model for 
a limited copper model at depth. As can be noticed, the IP contours outline a stronger 
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anomaly near the surface and they pinch out below the model bottom part. This is a clear non- 
linear effect of the IP phenomenon obtained in physical models that cannot be replicated in 
mathematical ones. 


Voltage of the polarizing electric field at the depth 50 meters, 
in the environment with resistivity 1,000 Ohmm. 

Tab.l 


Current Electrodes C1C2 
spacing, 

[in meters] 

Voltage of the polarizing 
electric field, 

[in mV/m] 

100 

33.960 

500 

53 

1000 

13 

2000 

3 

3000 

1,4 


3. The distributed IP effect is defined by survey arrays. This distribution is symmetric for 
gradient array, but asymmetric for dipole-dipole and pole-d ipole arrays (Fig. 10), making a 
necessity the inversion of IP data. 

In contrast, the resistivity anomalies indicate closed contours below the target. 

The stability and uniqueness of IP inversion solutions depend also on application of a linear 
model for the IP phenomenon , but that is not quite true for the whole variation of applied 
polarizing voltage. As a result, the lower part of polarized targets is instable in IP inversions. It 
becomes more instable when several targets are situated close to each other or in cases of targets 
near contacts between environments of different chargeability and resistivity. The increase of 
depth of targets causes the increase in inversion solution instability and resolution capability. 

4. IP/Resistivity” Real Section” - a solution 

Due to different polarizing situations, IP phenomenon is markedly conditioned by the significant decrease 
of the polarizing voltage at depth. Increasing the investigation depth, different parts of the same target, as 
well as targets located at different depths, are found in different polarizing conditions. This fact is clearly 
expressed in a contradiction between observed geoelectrical sections and numerical linear IP models for 
mathematical inversions at any polarizing voltages. As a result, the lower part of polarized target is 
instable in IP inversions. It becomes more instable when several targets are situated near to each other or 
in cases of targets near contacts between environments of different polarization and resistivity (Fig. 11). 
The increase of target’s depth is accompanied by increasing of the inversion stability and decreasing of its 
solution’s capability. At present level of the inversion, only the top of target is relatively well - determined 
in inverted section. The bottom edge of model remains uncertain as a-priory. A little can be determined as 
regard to deep angle in a qualitative way. In inversion section can be obtained some qualitative 
information on shape of the polarisable body as well. 

IP u Real Section” performed with multiple gradient arrays or Vertical Electrical Soundings is actually 
the most appropriate scientific technique in presentation of anomalous chargeability distribution at 
section (Figs. 14-20) (Alikaj 1981, Alikaj and Gordon 1999, Langore, Alikaj and Gjovreku 1989, Lubonja, 
Frasheri and Alikaj 1994). In difference to pseudo-section there is no lateral migration on top of target IP 
anomaly. Here are excluded the cases of lateral influence of other polarisable objects (Fig. 12). The “Real 
Section” presentation being very close to reality provides also very accurate results in “Real Section” 
inversion which leads to accurate verifications in mining works or drillings over IP anomalies Fig. 15, 
16a, 16b, 17, 18, 19). The IP “Real Section” technique (Langore, Alikaj & Gjovreku, 1989) in field 
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surveys as well as physical models (Alikaj 1981) indicate a discrepancy in some cases with 
mathematical models (Frasheri A. and Frasheri N 2000). These cases include shallow locations of 
massive sulphide ore bodies or models (Fig. 18) and as explained above, it is connected to non- 
linear behaviour of IP phenomenon. 

To achieve the level of today’s requirements in certainty of surveys with IP method it is an imperative 
duty to be well studied the nonlinear nature of IP phenomenon. This will allow to be built an appropriate 
mathematical apparatus with real situation on this natural phenomenon. Only in that case, the inversion 
can be more accurate, in levels that allow its instability and non-uniqueness in its solution. 
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Fig. 14. Gradient “Real Section”, 2D IP scale model. Array (MN=20 mm) 
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Fig. 15. IP “Real Section” and its Inversion Section. 

2D Mathematical Model: Target: Prismatic Body, depth 10 m, height 20 m, width 20m, 
chargeability 200 mV/V. 
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Fig. 16. IP “Real Section” and its Inverted Section. 

2D Mathematical Model: Target: Prismatic Body, depth 10 m, height 20 m, width 20m, 
dip angle 60°, dip azimuth 90°, chargeability 200 mV/V. 
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Fig. 17. IP “Real Section” and its Inverted Section. 

2D Mathematical Model: Target: Horizontal Prismatic Body, depth 10 m, height 10 m, 
width 60m, chargeability 200 mV/V. 
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Fig. 18. IP “Real Section” and its Inverted Section. 2D Mathematical Model: Target: Horizontal 
Prismatic Body, depth 10 m, height 10 m, width 20m, chargeability 200 mV/V. 
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Fig. 19. Resistivity and IP “Real Sections” over San Nicolas polymetallic ore deposit, Mexico 

Conclusions 

1. The anomaly configuration in an IP/Resistivity survey with a dipole-dipole array is 
dependent on the location of the current and potential electrodes in connection to target. In 
this regard, logistical information about the survey should include the array orientation (left- 
array or right-array). The position of the array must be shown in plots and pseudo-sections. 
During the survey, it is necessary to keep the same orientation of current and receiving 
dipoles. 

2. Physical modeling of IP shows the proof that there are differences between field survey cases and 
mathematical models. In sections compiled with data from physical models the anomalies are closed 
under the lower edge of the near surface target. In sections of mathematical linear models, the IP 
anomalies remain open at depth, contrary to those of apparent resistivity. This is due to the fact that in 
mathematical formulas the IP chargeability is considered as a linear phenomenon in the whole range 
of variation of polarizing voltage. 

3. The use of mathematical formulas for inversion based on the linear IP phenomenon implies errors in 
compilation of sections based on approximation of inverted data. These errors may be comparable to 
instability of the inversion itself. 

4. To achieve the levels of actual requirements for the quality of IP surveys, it is necessary to well 
evaluate the non-linear character of IP phenomenon. It would permit a better conception of 
mathematical basis of IP, as well as a better match with the real situation of the phenomenon in nature. 
Used with the IP inversion, these new mathematical non-linear equations would permit more exact 
results as compared to the instability and non-uniqueness of inversion solutions. 
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5. An accurate interpretation of IP/Resistivity data with dipole-dipole array should consider the 
information on electrode orientation on the survey line. The same recommendation is valid 
for the process of inversion interpretation. 

6. The IP/Resistivity “Real Section” survey with multiple gradient arrays or series of Vertical 
Electrical Soundings provides a good corroboration between these electrical parameters and 
geological environment in section. The inversion of IP/Resistivity “Real Section” survey 
provides accurate results because the initial model provided by “Real Section” presentation is 
very close to reality. 
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LIST OF CAPTIONS 

Fig. 1 . A finite element section of an IP irregular body over a relief. 

Fig. 2. IP profiling over a prism: Theoretical, calculated and physical modeling. 

Fig. 3. IP and Resistivity mathematical modeling. Dipole-dipole profiling, CiC 2 -PiP 2 =l Dx, 
n=16 Dx. 

Model: 2D horizontal prism at depth 5 Dx, dimensions of the prism section 2x2 Dx. 
Resistivity of the prism 1 Ohmm, IP Chargeability 500 mV/V, Resistivity of the 
environment 1,000 Ohmm, IP Chargeability of the environment 0.01 mV/V. 

Fig. 4. IP and Resistivity mathematical modeling. Dipole-dipole profiling. CiC 2-P1P2=2 Dx, 
n=l-10 Dx. 

Model: 2D vertical prism at depth 1 Dx, dimensions of the prism section 2x9 Dx. 
Resistivity of the prism 20,000 Ohmm, IP Chargeability 500 mV/V, Resistivity of the 
environment 1,000 Ohmm, IP Chargeability of the environment 0.01 mV/V. 

Fig. 5. IP and Resistivity Pseudosection with dipole-dipole array. CiC 2 -PiP 2 =l Dx, n=l-ll Dx. 
Mathematical model: 2D vertical prism at depth 2 Dx, dimensions of the prism section 
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1x2 Dx. Resistivity of the prism 1 Ohmm, IP Chargeability 300 mV/V, Resistivity of the 
environment 100 Ohmm, IP Chargeability of the environment 0.01 mV/V. 

Fig. 6. IP and Resistivity Pseudosection with dipole-dipole array, CiC 2 -PiP 2 =l Dx, n=l-ll Dx. 
Mathematical model: 2D inclined prism at depth 2 Dx, dimensions of the prism section 
1x2 Dx. Resistivity of the prism 1 Ohmm, IP Chargeability 300 mV/V, Resistivity of the 
environment 100 Ohmm, IP Chargeability of the environment 0.01 mV/V. 

Fig. 7. IP and Resistivity Pseudosection with dipole-dipole array, PiP 2 -CiC 2 =l Dx, n=l-ll Dx. 
Mathematical model: 2D inclined prism at depth 2 Dx, dimensions of the prism section 
1x2 Dx. Resistivity of the prism 1 Ohmm, IP Chargeability 300 mV/V, Resistivity of the 
environment 100 Ohmm, IP Chargeability of the environment 0.01 mV/V. 

Fig. 8. IP and Resistivity Pseudosection with dipole-dipole array, CiC 2 -PiP 2 =l Dx, n=l-ll Dx. 
Mathematical model: 2D vertical prism at depth 1 Dx, dimensions of the prism section 
4 x 50 Dx. Resistivity of the prism 3 Ohmm, IP Chargeability 50 mV/V, Resistivity of the 
environment 1,000 Ohmm, IP Chargeability of the environment 0.01 mV/V. 

Fig. 9. Distribution of the primary electric field potential (Uo) of a transmitting dipole: 

(c) Gradient array AB max = 30 Dx 

(d) Dipole-dipole array C 1 C 2 = 1 Dx. 

Mathematical model: Vertical prism. Dimensions of the prism 2 x 30 x 20 Dx, Resistivity 
of the prism 20,000 Ohmm, Resistivity of the environment 1,000 Ohmm. 

Fig. 10. IP anomaly configuration dependence on location of the target. 

Mathematical model: Vertical prism. 

Fig. 11. IP Pseudosection with dipole-dipole array, CiC 2 =PiP 2 =l Dx, n=l-39. 

Mathematical Model: Two parallel inclined prisms (dip=70°) at depth 5 Dx, dimensions 
of the prisms 1 x 20 x 20 Dx. Distance between the prisms 10 Dx, Resistivity of prisms 
2000 Ohmm, IP Chargeability 500 mV/V, Environment Resistivity 500 Ohmm , IP 
Chargeability 0.01 mV/V. 

Fig. 12. IP “Real Section” with multiple gradient arrays. 

IP contour interval 2 mV/V. Mathematical Model: Two parallel inclined prisms (dip=70°) 
at depth 5 Dx, dimensions of the prisms 1 x 20 x 20 Dx. Distance between the prisms 10 
Dx, Resistivity of prisms 2000 Ohmm, IP Chargeability 500 mV/V, Environment 
Resistivity 500 Ohmm, IP Chargeability 1 mV/V. 

Fig. 13. IP Pseudosection with dipole-dipole array, PiP 2 =CiC 2 =l Dx, n=l-24. 

2D Scale Model: Target: Copper vertical prism at depth 1 Dx, 

Section of the prism 0.5 x 2.5 Dx 
Surrounding medium: fresh water 

Fig. 14. 2D IP Chargeability scale model. Gradient “Real Section” Array (MN=20 mm) 

Fig. 15. IP Real Section and its Inverted Section. 

2D Mathematical Model: Target: Prismatic Body, depth 10 m, height 20 m, width 20m, 
chargeability 200 mV/V. 

Fig. 16. IP “Real Section” and its Inverted Section. 

2D Mathematical Model: Target: Prismatic Body, depth 10 m, height 20 m, width 20m, 
dip angle 60°, chargeability 200 mV/V. 

Fig. 17. IP “Real Section” and its Inverted Section. 

2D Mathematical Model: Target: Prismatic Body, depth 10 m, height 10 m, width 60m, 
chargeability 200 mV/V. 

Fig. 18. IP “Real Section” and its Inverted Section. 
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2D Scale Model: Target: Prismatic Body, depth 10 m, height 10 m, width 20m, 
chargeability 200 mV/V. 

Fig. 19. IP/Resistivity “Real Section” over San Nicolas polymetallic ore deposit, Mexico. 
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3rd International Conference - Geosciences and Environment 
(31CGE) 27-29 May 2012 Belgrade, Serbia 

Lecture 

PROBLEMS DURING GEOPHYSICAL EXPLORATION OF 

CHROMITE DEPOSITS 

Many geophysical studies carried out in the ultrabasic massifs of 
Albania (as in Bulqiza, Tropoja, Kukesi, Shebeniku, Pogradeci etc) for 
the search for chrome deposits, which have been successful in many 
cases. They demonstrated that the geophysical methods are a part of 
the integrated methods for the search for this mineral ore. A long list 
of many scientific publications, on this item, is presented in the 
references. 

4.1. Exploration for chrome ore bodies 

The main principle for the application of the geophysical methods for 
the search for chrome ores, has been to start with the mapping in well 
known zones of the mineralization and to extend this mapping further 
to unknown zones, on surface and in the depth. 

The works carried out only in Bulqiza ultrabasic massif can illustrate 
the effectiveness of the geophysical search for chrome ores. Geological 
and geophysical mappings, at scale 1:2000 have been conducted in 
total over 65 km 2 or in 15% of surface of the Bulqiza massif (LI. 
Langore tec. 1989). There are observed 215 geophysical anomalies 
have been fixed. Among them, 191 anomalies have been observed by 
only of one geophysical method, and 24 ones present complex 
anomalies: gravity, magnetic or IP. From 64 anomalies, 51 anomalies 
were fixed over the known chromite bodies /occurrences and have 
contributed for their development in the strike direction. Thirteen 
anomalies have been discovered buried chromite bodies without 
surface outcrops, which have been explored by trenches, galleries and 
drill holes. Thirty-five anomalies have been evaluated as very 
important for exploration and development works. Based on them the 
possibility of following their extension was achieved. Hundred fifty-one 
have been non-mineralised anomalies; but they are caused by 
particular rocks, tectonic faults, and topographic effects or by the 
change of the thickness of the deluvion. 

Based on these integrated geological-geophysical studies, industrially 
useful bodies (or deposits) were discovered in Ternove, Liqeni i Sopeve, 
10 Korriku, Lugu i Gjate, Jugu i Batres (M-5 anomaly), Qafe Lame etc. 
Important results were achieved in other zones such as in Liqeni i 
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Dhive, Maja e Thekres, Kaptine, 80 Vjetori, Tri Gjepra, Bishti i Kalit 
etc. 

The efficiency of geophysics is still relatively low in comparison with 
copper deposit exploration. By integrated geological-geophysical 
surveys in the 35 objects in the Bulqiza ultrabasic massif to check the 
anomalies have projected 356 boreholes. From these boreholes, 145 
have discovered chromite ores, and 211 have been negative. The ratio 
of the success was 1/1,4. Many studies must performed before can be 
reached proper results for chrome exploration. 

a) Ore anomalies 

Geophysical anomalies caused by ore bodies have been observed in 
several areas. 

Over the ore bodies, weak gravity anomalies are observed, with amplitude, 
about 0, 1-0,2 mGal. These anomalies are more evident after the field 
transformation (fig. 4-7, 4-9, 4-10). In the gravity Bouguer anomaly map 
doest not present visible anomalies. After the recalculation have been 
prepared residual gravity anomaly map. In this map, are observed an 
anomaly over the chromite ore body Nr. 6 (anomaly No. I). Some others 
anomalies at northeastern direction are evidenced (fig. 4-2). In the 
exploration line III over the anomaly No. II have been projected drilling 
of three boreholes to check this gravity anomaly (fig. 4-3). There is 
observed also a complicated magnetic anomaly. All three boreholes 
have discovered two chromite ore bodies (fig. 4-3). In Kami deposit, are 
observed some negative magnetic anomalies with amplitude -700 nT 
over the outcrop of the massive ore body (fig. 4-5). Fig. 4-6 show weak 
negative anomaly that is observed over disseminates chromite ore 
body. 


2 



1103 



Fig. 4-1. Gravity Bouguer anomalies map, Kami deposit, and boreholes 
projected to check residual gravity anomaly. Iso-anomalies 
every 0,3 mGal. (Mihajllovsky Ja.M. 1960). 



Fig. 4-2. Gravity residual anomalies map, Kami deposit, and boreholes 
projected to check residual gravity anomaly. Iso-anomalies 
every 0,5xl0 8 mGal/cm. (Lubonja L. et al. 1973). 


3 


1104 


' £-• 





Fig. 4-3. Geological-geophysical section III-III for projecting of the 

boreholes to check the residual gravity anomaly, Kam 
deposit. (Lubonja L. et al. 1973). 

1- Wzzz profile; 2- F(Ag) profile; 3- AZ profile; 4- Dunites; 5- 
Harcburgites; 6- chromite ore body discovered by 
projected boreholes; 7- Disjunctive tectonics. 
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Fig. 4-4. Geological-geophysical section, Kami chromite deposit, 
Tropoja ultrabasic massif. (Frasheri A. et al. 1971). 

1- Peridotites; 2- Dunites; 3- Chrome spinel ore body. 
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Fig. 4-5. Magnetic anomaly (AZ), over chromite body, Kami 
deposit. (Fischer F., 1957) 

aZ<0; 2- aZ>0; 3- Hartzburgite; 4- Serpentinite from 
dunites; 5- Chromite ore body. 
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Fig. 4-6. Weak magnetic anomaly (AZ), over a chromite disseminates 
ore body ( Fischer F., 1957). 

Legend: as in the fig. 4-5. 


The gravitational anomaly is expressed in the Bouguer anomaly graph 
but it is better expressed in the residual gravity anomaly calculated by 
Saxov-Nygard formula F (Ag) and in the residual local anomaly (Ag) 
plots. In this cross section, the gravitational and magnetic anomalies 
were fixed not only on the ore body but also around it. 
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Fig. 4-7. Gravity and magnetic anomalies, Kepeneku deposit in 

Tropoja ultrabsic massif. (Lubonja L. and Kosho P. 1974). 

1- Overburden; 2- Harzburgite; 3- Dunites; 4- Chromite ore 
body. 
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In fig. 4-8 is presented a weak negative magnetic anomalies are 
observed over disseminates chromite ore body No. 4 in Kepenek 
deposit. 
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Fig. 4-8. Magnetic anomaly (AZ) over chromite ore body No. 4, 
Kepenek deposit. (Fischer F., 1957) 

1- Massive chromite ore; 2- Disseminates chromite 
ore; 3- Dunites; 4- Disjunctive tectonics. 
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Field transformation of Bouguer gravity anomalies (Ag) in vertical 
derivatives of second (W zz ) and thirty (W zzz ) orders of the gravity field 
potential in the Krasta and Surroi deposits have presented the 
anomalies with greater amplitudes (fig. 4-9, 4-10). 



Fig. 4-9. Map of the Bouguer gravity anomalies (Ag) transformation in 
vertical derivatives of second and thirty orders W zzz gravity 
field potential in M-4 line, Krasta deposit, Bulqiza 
ultrabasic massif (Lubonja L. & Frasheri A. 1976). 

1- Dunites; 2- Hartzburgites; 3- Chromite ore body; 4- (Ag) 
profils; 5- W ZZZ profils. 
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Fig. 4-10. Map of the Bouguer gravity anomalies (Ag) transformation in 
vertical derivatives of second and thirty orders W zzz of 
gravity field potential, Surroi deposit, Kukesi ultrabasic 
massif (Lubonja L. & Frasheri A. 19676). 

1- Chromite ore body; 2- disjunctive tectonics; 3- (Ag) 
profil; 5- W zzz profil. 

In the W zzz graphics can detect not only ore bodies, but their 
apophyses, too. Such transformations are created possibilities not 
only to amplify weak Bouguer anomalies, but also to select 
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superimposed anomalies over bodies, which are located near each 
other. 

Transformations of the Ag anomalies in vertical gradients of the gravity 
potential W zz and W zzz must not create the wrong impression that 
through recalculations is possible to get anomalies even in the cases 
where there are no Ag anomalies over the chromite body. 
Transformations and recalculation of the W zz and W zzz only may show 
up some peculiarities of the Bouguer gravity anomalies map and in the 
same time diminish and eliminate some peculiarities that don’t permit 
to read the map. 

The distribution of the magnetic field in the Kami deposit is turbulent. 
With great attention has been possible to select the anomalies over the 
chromite ore bodies (fig. 4-5, fig. 4-6). Ore body Nr. 6 of the Kami 
deposit has created very clear IP anomaly (fig. 4-4) / 

Figs. 4-11 and 4-12 shows the result of the geophysical exploration in 
the Ternova deposit in the tectonic sequence, Bulqiza ultrabasic 
massif. 
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Fig. 4-11. Integrated geological-geophysical map of Ternova deposit. 
(Langora LI. et al. 1989). 

1- Overburden; 2- Serpentinized dunites; 3- Serpentinized 
hartzburgites; 4- Pyroxenite veiny serie; 5- Gravity and 
magnetic anomalies; 6- Chromite ore body; 7- 
Serpentinized, schistized and brachiated tectonic zone; 8- 
Textural elements in the pyroxenite bands; 9-0 Boreholes. 


12 


1113 


at 


AS 






GRAVITY BQUGUER ANOMALY 


w 

THEORETICAL GRAVITY ANOMALY 




MAGNETIC ANOMALY 


*49 


Legend 

l, — Ofcsereveri OX anomaly 

Tfreorelioel DT gnomgly 

3 . /fr Jm Ovafbundfln ihickrwss 
4 m A f-fm Ore body thickness 

t ff l, * * 4 Qretxjdy dipping angle 


iJQ 

■ ’Ai - ■ 




Fig. 4-12. Integrated geological-geophysical section, Ternova deposit. 
(Langora LI. et al. 1989). 

1- Observed magnetic anomaly (AT); 2- Mathematical 
modelling magnetic anomaly (AT); 3- Overburden thickness 
h=2 m. ; 4- Ore body thickness t=l,6 m.; 5- Ore body 
dipping angle, a=65°. 
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In the map, presented in the fig. 4-11, in Ternova area are outcropped 
two chrome spinel occurrences. Over the northwestern occurrence 
were observed complex gravity and magnetic anomalies, with 
amplitudes respectively 0,15-0,20 Mgal and 400-600 nanoTesla. Over 
other outcropped body is observed only magnetic anomaly. The fig. 4- 
12 shows that under the overburden were discovered massive 
chromite ore body, with thickness about 1,6 m, and 220 m long, 
which presents the one of ore bodies of the Ternova deposit. 

South Batra area is characterizad by absence of chromite 
mineralization outcrops. In the total intensity of magnetic field (AT) 
there are observed a negative anomaly with amplitude -650 up to -670 
nanto Tesla, 320 m long and 80 m width (Fig. 4-13, 4-14, 4-15). 
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Fig. 4-13. Complex geological-magnetic map, South Batra area, 
Anomaly M-5. (Langora LI. et al. 1989). 

1- Overburden; 2- Serpentinized dunites; 3- Serpentinized 
hartzurgites; 4- Pyroxenite vein serie; 5- Chrome ore 
body; 6- Serpentinized, schistized and brecciated tectonic 
zone; 7- textural elements of the pyroxene bands; 8- 
Boreholes; 9- Magnetic anomaly. 
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Fig. 4-14. Total intensity of magnetic field (AT) graphics map, South 
Batra area, anomaly M-5 (Langora LI. et al. 1989). 
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TOTAL MAGNETIC INTENSITY (DT) 


Fig. 4-15. Geological-magnetic section, South Batra area, anomaly 
M-5. (Langora LI. et al. 1989). 
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In the case of the South Batra area, because of inverse remnant 
magnetization of the chrome ore body, anomaly is very complicated: 
anomaly presents a negative minimum together with a positive 
maximum (fig. 4.15). The lowest intensity values for the anomaly were 
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observed where the depth of the ore body was 8 m (fig. 4.15). A 
horizontal displacement of the extremities of the axis of an anomaly 
and two maximums were observed in the profile No. 224 (fig. 4.14). 
This anomalous behaviour can be explained by the existence of a 
transverse tectonic fault, which divides the body into two parts along 
its strike. The southern extremity of its northern part and the 
northern extremity of its southern part are shown in the profile No 
224. That means that there were two ore bodies and consequently two 
maximum points. 

As can be seen from the map on figure 4.13, all trenches performed to 
verify the anomaly, intersected ore bodies, except those presented in 
the profiles 224, 228. The ore bodies in the profiles No. 224 and 228 
were intersected by bore holes in great depths. In the axis of this 
anomaly 23 bore holes and 3 galleries were projected at different 
topographic levels. All bore holes and galleries have intersected the ore 
body, which runs alongside the anomaly, with a strike about 400 m. 
The thickness of the body is 2-3 m and its Cr 2 C >3 content reached 30- 
40 %. Dipping ore body has a length of 180 meters. 

The search for chrome ore body in the M-5 anomaly, South Batra 
zone, illustrates the high effectiveness of magnetic surveying. 

Intensive and wide magnetic anomalies have been observed over a 
chromite ore body in the Leshnica and Vlahna deposits, at Kukesi and 
Tropoja ultrabasic massifs (Fig. 4.16, and 4.17). 
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Fig. 4.16. Geological-geophysical section with a positive magnetic 

anomaly over a chromite ore body, Leshnice area, Kukesi 
ultrabasic massif (Frasheri A. et al. 1963). 

1- IP coefficient profile; 2 - Apparent resistivity profile; 

3 - Vertical component (DZ) of magnetic field profile; 4 - 
Hartzburgites; 5 - Dunites; 6 - Ore body; 7 - Gradual 
geological boundary; 8 - Deluvion; 9 - Gallery. 


The chromite spinel ore of the Leshnica deposit is very magnetic. But, 
there don’t existing IP anomaly. Such absence of the IP anomalies is 
conditioned by very high humidity of chromites, which are located in 
the disjunctive tectonic zone, with intensive underground water flow. 
In such conditions, the magnetic chromite ore is non-polarizable. 
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Negative magnetic anomaly of the vertical component (AZ) of -540 
nanoTesla amplitude, and a clear IP anomaly, with amplitude of 35 - 
50 mV /V, which is about 3 times over the background level, have been 
observed over the Vlahna chromite ore body (Tropoja massif) (fig. 
4.17). Two anomalous effects superimposed this magnetic anomaly: 
effect from ore body over an effect from the surrounding non-magnetic 
serpentinites belt. Such phenomenon makes very difficult anomaly 
interpretation. 


m p Gradient array AB = 1000m, MN = 20m 

DZ (mV/V) 



Fig. 4.17. Magnetic and IP anomalies over the Vlahna deposit (Tropoja 
massif) (Frasheri A. et al. 1963, Lubonja L. & Frasheri A. 
1966). 

1- IP coefficient profile; 2 - Apparent resistivity profile; 3- 
Magnetic anomaly (AZ); 4 - Masive chromite ore body; 5- 
Disseminates chromite; 5 - Hartzburgites: 6 - Dunites; 7 - 
Disjunctive tectonics. 
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In Tri Gjepra area (Bulqiza ultrabsic massif) has observed IP anomaly 
(fig. 4.18). 
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Fig. 4.18. IP real section with multiple gradient arrays in Tri Gjepra 

zone (Bulqiza). The arrays AB = 200, 400, 600 m; MN = 20 
m, (Prenga LI. Et al. 1986). 

1 - Deluvion; 2 - Hartzburgites; 3 - Ore body; 4 - Trench; 

5 - IP coefficient contours (in % units). 

From the IP sections shown in fig. 4-18, can be seen that the IP 
anomaly is contoured by a line with value of 1.4% over the 
background level. This level is 1-1.2% for hartzburgites and 1.5- 1.8% 
for dunites. The anomaly has amplitude of 1.5-2. 5% at the width of 
30-40m. Since the ore body layout is underneath the shallow 
deluvion, these anomalies can be discriminated better by using of pol 
dipole array A20M20N,B— >°°. Many boreholes and trenches intersected 
this anomaly, which a length about 280 m. 
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The chromite ore in the Qafe Gjelas deposit in the Bulqiza massif has 
a predominant density value of 4000 kg/m 3 , which is higher than the 
density of the surrounding rocks. This is a magnetic ore and has a 
predominant IP coefficient value of 1.7%. The dunites and 
hartzburgites have an IP coefficient of 0.7% and 1.2% respectively. 
For this reason clear gravitational, magnetic and IP anomalies have 
been observed over this ore body (fig. 4-19). 



Fig. 4.19. Geological-Geophysical section in Qafe Gjela deposit 
(Bulqiza massif) (Prenga LI. et al. 1983). 
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1 - Ore body, 2 - Serpentinized dunite, 3 - Serpentinized 
hartzburgite, 4 - Smooth-rock border, 5 - Deluvion, 6 - 
Tectonic fault. 

From this section can be seen that the IP anomaly is a rather wide 
one. This is due to the influence of ore body and its dunite envelope 
(fig. 4.20). Consequently a complicated wide anomaly is observed. 




Fig. 4.20. IP anomalies according to parametric measurements 

over two trenches at Qafe Gjelas chrome deposit (Prenga LI. 
et al. 1983). 

a - Complicated anomaly over the ore body and dunitic 
envelope, b - Single anomaly over the ore body. 
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Fresh dunites and hartzburgites are extended in Tplana area. 
Consequently, magneti field is relatively quiet. Negative magnetic 
anomalies over massive chromite ore body (fig. 4-21). There are 
observed other negatiuve anomalies, which can be are caused by 
unknown ore chromite ore bodie, or over a paramagnetic gabbro- 
pegmatite/pyroxenite vein. 



Fig. 4-21. Magnetic anomalie (AZ) over a chromite pore body in Tplane 
area. (Frasheri A., et al. 1963). 

1- Chromite ore body; 2- Hartzburgiyte. 
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b) Non-ore anomalies 

During the geophysical mapping for the search for chrome ores, have 
been observed a lot of non-ore anomalies, due to many factors such 
as: 

- Fresh rock inclusions between serpentinized rocks, which may create 
gravitational anomalies. 

- Serpentinized rocks with high content of magnetite which can create 
magnetic anomalies, or indueced polarization. 

For example a magnetic anomaly of the amplitude -200 and +200 nT 
was caused by highly serpentinized dunites (fig. 4.22). IP anomalies 
can be observed, in these zones, as well. 



Fig. 4.22. The map of profiles of the total magnetic field intensity (AT) 

at Fushe Kalti zone (Bulqiza massif), where magnetic 
anomaly is observed over highly serpentinized belt and 
crushed dunitic inclusions have been observed (Sharra 
Xh., Rrenja A. et al. 1987). 
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Gravitational anomalies have been observed in zones with thin cover of 
soft overburden and compact bedrocks close to surface (fig. 4.23). 



Fig. 4.23. The map of profiles of the Bouguer anomaly in Fushe Kalti 

(Bulqiza massif), in a sector where are decreased the 
thickness of the soft overburden. (According to the Sharra 
Xh., Rrenja A. et al. 1987). 

Prior to Bouguer anomaly interpretation, the thickness of soft 
sediments (deluvion and eluvion) was determined by apparent 
resistivity soundings. The main task of the interpretation was to 
selected the anomalies caused by ore bodies. 

Intensive negative magnetic anomalies is observed over non-magnetic 
rock individualizations or gabbro-pegmatites/pyroxenite dykes. Fig. 4- 
24 shows an anomaly with amplitude -500 nT over non-magnetic 
serpentinized hartzburgites and serpentinites in Kami deposit area. 
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Fig. 4-24. Magnetic anomaly (AZ) opver non-magnetic rock 
individualisation, kam deposit. (Fischer F. 1957) 

1- Magnetic susceptibility x=250xl0-5 units SI; 2- 
x=350xl0-5 units SI; 3- x=400xl0-5 units SI; 4- 
Serpentinized hartzburgites; 5- Serpentinite from dunites. 
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A typical narrow and intensive magnetic anomaly, with amplitude of - 
16.000 nT is observed over a pyroxenite vein in the Kam deposit area 
(fig. 4-25). 
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Fig. 4-25. Magnetic anomaly (AZ) over a pyroxenite vein, Kami deposit. 
(Fischer F., 1957). 
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4.2. Underground geophysical surveys 

Underground geophysical surveys have been carried out in boreholes, 
in galleries and other mine works to solve the following problems: 

a) The search around mine works 

The search around mine works has been conducted in order to 
contour known ore bodies, especially those that are effected by 
tectonic faults, and to search for new ore bodies located around mine 
works. The goal was to increase the search depth and to get the 
available information for a sparse network of mine works at the first 
stage of the exploration. 

Underground surveys can be made by all geophysical methods, which 
are used also by surface mapping. Radio wave floodlighting method 
can be used as additional ones. 

The experience gained, especially during the eighty years period in 
Albania showed that the three components magnetic borehole method 
can be implemented successfully and efficiently for the search for 
magnetic chrome ore bodies. Typical example is presented the 
underground magnetic surveys in four boreholes in the Shkalla area, 
Bulqiza ultrabasic massif (Fig. 4-26) (Gjevreku Dh. 1984, Langora LI. 
et al 1988). In the borehole No. 141 are observed two anomalies, at the 
depth 100 m and 140-180 m (fig. 4-17). The anomalies, respectively 
have an amplitudes: AZ=7 500 nT, AH=8 500 nT, and AZ=5000 nT, 
AH=8000 nT. 
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Fig. 4.26. Geological-geophysical section in L-L 5 underground 

magnetic survey line, Shkalla deposits, Bulqiza ultrabasic 
massif. (Langora LI. Et al. 1989) 

According to the geological-geophysical interpretation of the data in 
the L-L 5, and L-L 6 lines result following conclusions: 

• Chromite ore body must located about 30-40 m from line L-L 6. 

• Northern prolongation of the ore body is about for 40 m. 

• Other ore body causes second anomaly. 

Projected boreholes have discovered ore bodies. 

Fig. 4-27 shows the undeground magnetic surveys in boreholes at 
Bulqiza deposit. The observed magnetic field in the borehole Sh. 4 
represents an anomalous field above and underneath levels. Borehole 
Sh.3 has intersected the ore body. The interpretation of the plots of 
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the three component magnetic component Z and total magnetic 
component T showed that the ore body intersected by the bore hole 
Sh.2 in the forms of flexure, is connected with the ore body intersected 
by the bore hole Sh.3. 



Fig. 4.27. Geomagnetic section according to three component borehole 
magnetic surveys in Bulqiza chrome deposit (Gjevreku Dh. 
1984). 

1- Dunite; 2- Hartzbourgite; 3- Ore body; 4- Vertical 
magnetic component (AZ) plot; 5- Total vector of the 
magnetic field intensity (AT). 
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In borehole S-17, which did not interest any orebody, an anomalous 
sector of the total magnetic field vector T at a depth of 190-330 m was 
observed (fig. 4-28). This anomaly was interpreted as being caused by 
a magnetic chromite ore body between the boreholes S-17 and S-16. 
The shallow boreholes S-l, S-2, S-3 and S-4 drilled at the end of 
gallery G-5 intersected the predicted orebody. 



Fig. 4-28. Anomaly of total magnetic field intensity (AT), according to 

the three-components borehole magnetic field surveys for 
underground exploration of chromite ore (Gjevreku Dh., 
1984, Lubonja L. et al. 1995). 

The outputs of the radiowave floodlighting and radio wave profiling 
give good results when the chrome ore is magnetic and has dense up 
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to massive structure (fig. 4.29) The absorption coefficient values of 
electromagnetic waves of frequency 1 - 10 Hz for this area is b = (0.02- 
0.04) Neper/ m, which is greater than for ultrabasic rocks (b = 0.0012- 
0.0015 Neper/m). 
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Fig. 4-29. The hologram of radio wave floodlighting borehole to 

borehole in Shkalla deposit (Mat district) (Gjevreku Dh. 
1986). 

IP methods can be used for the search of polarised ore bodies around 
boreholes by using the pole-dipole array N5M5A,B— >°° and 
N10M 100A,B— >°°, which can investigate a zone of a radius 7m and 
60m, respectively. 

The results of underground survey are not affected either by 
complicated topography, or by alternated rock inclusion nearly to 
surface. Mine works, metallic equipment and geological heterogeneity 
have an effect on these results. To avoid these influences, 
underground surveying is carried out by a special methodology and 
prior to the interpretation; the results are subjected to different 
mathematical processing. 
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b) Well logging 

The geophysical methods have been used for geological documentation 
of the borehole trunk, ore bodies, tectonics faults and rock inclusions 
of different serpentinization degrees. Ore body thickness, deep layout, 
01*203 content and the ratios Cr203/Fe0, Cr/Al have been 
determined at a rather high accuracy. 

The density is the more stable physical property, which in most cases 
is used for the selection of ore bodies from the surrounding media. The 
main method used for documentation of the borehole is the density 
and selective gamma-gamma logging (fig. 4.30.). 

In the borehole log of the diffused gamma radiation (Igg) the ore bodies 

can be outlined by radiation minimum, because they have higher 
density values than the surrounding rocks. 




r q ] g i <- 1 * 1 3 ] s 


Fig. 4.30. Diffused gamma- gamma radiation log (Iyy) in Lupiane 
deposit, Bulqiza massif (after Nakugi I. well logging). 

1- Massive ore body; 2- Ore body with disseminated 
structure; 3- Dunites; 4- Hartzburgites; 5. Serpentinized 
dunites. 
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From this figure can be seen that a detailed description of the borehole 
geological section and more accurate evaluation, together with partial 
drill logs, can be made according to well logging data interpretation. 

Minimum points have been also observed in fresh, non-serpentinized, 
rocks individualizations, situated between serpentinized rocks. For 
discriminating these individualisations, a selective gamma- gamma- ray 
logging has been used. The intensity of smoothed component of 
scattered gamma rays, which is determined by heavy element content 
(as chrome) in the borehole section, is recorded by this logging. 

Data on density gamma-ray logging can be used for the assessment of 
C r 2 C >3 content in the ores, for the computation of the ratios 
Cr 2 C> 3 /FeO and Cr/Al, because it exist a correlation between the ore 
density and the Cr 203 content, and between Cr 2 C >3 and FeO and Al. 

Magnetic and polarisable ore bodies are very well distinguished 
through magnetic and IP well logging. Serpentinized rock inclusions 
with secondary magnetite situated between fresh rocks give claire 
anomalies. These last ones can be used as geophysical indicators to 
distinguish tectonic sequences from cumulate ones, etc. 

Chrome ore bodies can also be discriminated from ultramafic rocks by 
other parameters such as the effective atomic number 19, cross- 

section capture 0.054 cm'l which are greater for hartzburgite and 

dunite (effective atomic number 12.5 and cross-section 0.0015 cm“l ), 
and characteristic gamma ray spectrum (for high energetic levels 8.5 
and 8.9 MeV). Based on these characteristics different kinds of logs, 
such as the neutron-gamma spectrometric, neutron-neutron, thermal 
and overthermal neutron logging can successfully be used for 
geophysical documentation. Ore bodies can be distinguished by 
higher logging values than those of the surrounding rocks. 

As it was mentioned above, it can be seen that, for the geophysical 
documentation of the borehole in chrome deposit, the basic method to 
be used should be the radiation logging (density, gamma-gamma, 
selective gamma-gamma, aluminium neutron-activation, neutron- 
neutron, thermal neutron and overthermal neutron logging). The 
magnetic, the IP and conventional resistivity logging can be used as 
additional methods. 
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4.3. Geophysical applications for geological mapping 

Geophysical methods contributing to geological structural mapping 
purposes, aimed at successfully solving some regional and local 
problems. The structure of ultramaphic rocks massifs and their 
relationship with the surrounding media have been studied. 

Serpentinized and fresh rocks, tectonic and cumulate sequences have 
been discriminated by their serpentinization degree. Tectonic faults 
and deep elements of primary structures such as flow and banded 
structures, S, L and Q system of primary fissures, the 

individualisation of fresh and serpentinized rocks were mapped in the 
ore fields. The conditions of rock formation and their changes in 
space and time during the geological history have been studied for the 
mapped regions. During the exploration-developing stage have been 
studied, at a more detailed scale, the factors controlling the 

mineralization. 

For accomplishing geological- structural mapping tasks, have been 
used different kinds of geophysical methods such as gravitational, 
magnetic, micromagnetic mappings; magneto-telluric and 

electromagnetic soundings; low and high frequency seismic 
prospecting for big and shallow depths studies, respectively. These 
works have been accompanied by petrophysical studies 

Valuable information about the geology of Bulqiza ultramaphic massif 
and about other massifs has been received by gravitational mapping at 
the scale 1:25000 (Kosho P.). In the figure 4.31 is shown a geological 
geophysical line in Klos-Bulqize-Shpuze (Frasheri A. et al. 1990). 
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Fig. 4-31. Geological-geophysical line in Klos-Bulqize-Shpuze 
(Frasheri A. et al. 1990). 

1 - Hartzburgites, 2 - Serpentinites, 3 - Triassic 
limestones, 4 - Volcano-sedimentary series, 5 - Jurassic 

limestones, 6 - Cr2 - Pg3 flysch, 7 - Pg2 limestones, 8. 
Cover tectonics, 9 - Disjunctive tectonics. 
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According to the interpretation of the Bouguer anomaly, the massif 
has an inverted conic shape. Its thickness is smaller at the edges and 
increases towards the centre (up to 5.5 km). Based on the distribution 
of the magnetic field, the serpentinized sector of the ultramaphic rocks 
and the flanks where re massif is covered by the Neogene molasses 
sediments (especially the western flanks) have been mapped. The 
intensity of the magnetic field in these sectors is high due to the 
content of secondary magnetite. In plane, the anomalies have a mosaic 
picture, due to heterogeneous distribution of secondary magnetite. In 
these zones are also found some local minimums. 

These characteristics can be used as features for the discrimination of 
cumulate sequences. Magnetic anomalies of cumulate sequence have 
high amplitude and high frequency. Anomalies on dunite-hartzburgite 
tectonic sequences are characterised by smaller amplitudes and lower 
frequencies, meanwhile the intensity of the magnetic field is smaller 
than for hartzburgite-tectonite sequences. The correlation of different 
geophysical parameters, determines different perspective levels of 
ultramaphic cross sections, which help the search for mineralization. 

Micro magnetic survey has given good results in determining the 
primary textural elements in zones covered by 2-3 m thick soft 
sediments and in zones where these elements cannot be seen. This is 
possible because the axis of the magnetic micro anomalies have two 
directions, one parallel with the fissures systems L, S and flow and 
banded textures, and the second one which coincides with Q fissure 
system. 

The picture of the distribution of magnetic micro anomalies can be 
explained by the layout of the secondary magnetite mainly according 
to flow, banded textures and the fissures system L,S and C (fig. 4.32) 
and to the direction of the vector of thermoremanent magnetization, 
which coincide with the direction of primary structural elements. 
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Fig. 4.32. Primary structural elements and the direction of the axis of 
magnetic micro anomalies. (Frasheri et al. 1969). 

1 - Banded texture; 2 - Primary fissure system L, 3 - 
Primary fissure system S, 4 - Primary fissure system Q, 5 
- Rose diagram and vectors of the direction of the magnetic 
micro anomalies axis. 

From the performed magnetic micro surveys, it seems that the axes of 
magnetic micro anomalies are the same for the dunitic rocks and the 
hartzburgite. That means that different kinds of rocks of tectonite- 
hartzburgite-dunite sequence have had the same development during 
the geological history. Dunites and hartzburgites can only be 
distinguished by unequal degrees of the serpentinization. The 
difficulty in distinguishing them is explained by the fact that these 
rock have physical properties which vary in a wide range and 
sometimes overlap each other. 

Serpentinites, generally, have high contents of secondary magnetite 
and are magnetic. Therefore the magnetic surveying can be used to 
study the weathering layer for the search of nickel- silicates. 

Geological geophysical studies of chrome ore fields have been carried 
out simultaneously with regional geological-geophysical mappings and 
petrophysical studies. These last ones have been used as a 
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supplementary information source about the rock formation 
conditions, their composition and their changes in space and time. 
Such data are given in studies about the rock magnetism and its 
nature. 

In the Tropoja ultramaphic massif has been observed an increase of 
the rock’s density values, from the eastern part to the western one 
(particularly after Kami). That indicates that the rocks in the western 
part of this massif are less serpentinized than the ones in the eastern 
part. In the same direction can be distinguished the dunites from the 
hartzburgites of tectonic sequence. The hartzburgites have higher 
density values than the dunites. In the western part of the massif, is 
observed an increase of the content of pyroxenites inside hartzburgites 
and the degree serpentinization for these two kinds of rocks is 
different. 


4.4 Some important conclusions and recommendations 

Based on the results of geophysical investigations for the search of 
chromite in Albania and in other countries of the world, some 
conclusions can be made: 

Geophysical anomalies are fixed on ore bodies and on rock inclusions. 
That means, not every anomaly may indicate about the presence of an 
ore body. 

On chrome ores there are not always geophysical anomalies. That 
means that the lack of anomalies does not necessarily indicate about 
the absence of ore bodies. 

The wide variation of the ore’s physical properties and those of the 
surrounding rocks can explain these, by the small differences between 
these physical properties, by the shape and the small dimensions of 
ore bodies compared with their layout depth. Therefore, a geophysical 
anomaly can indicate only about the possibility of the existence of an 
ore body. 

This anomalous situation is presented in the table 4.1. 
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The characteristics of the anomalous geophysical picture, in the 
regions where chrome ore deposits are searched. 


Table 4. 1 


Chromite ore and surrounding 
rocks 

Gravity 

anomalies 

Magnetic 

anomalies 

Induced 

Polarizatio 

n 

anomalies 

Massive chromites, magnetic 
and polarizable 

+ 

+ 

+ 

Massive chromites, magnetic, 
unpolarizable 

+ 

+ 

“ 

Disseminates chromites, 

magnetic and polarizable 

— 

+ 

+ 

Disseminates chromites, 

nonmagnetic, polarizable 

“ 

“ 

+ 

Fresh ultramaphic rocks 

Individualization 

+ 

“ 

“ 

Serpentinized ultramaphic 

rocks individualization 

- 

+ 

+ 

Serpentinites intersected by 
gabbro-pegmatite dykes of 

cumulate sequence 

+ 

+ 

+ 

Gabbro pegmatite dykes or 
frech pyroxenites 

+ 

“ 

“ 


In figs. 4-33 and 4-34 are presented a theoretical dependences of 
gravity anomalies (Bourguer reduction and vertical gradients) by 
mass/radius and depth of the ore body centres for a model in the 
sphere shape or horizontal cylinder, to have the possibilities to 
observed the anomalies, respectively with amplitudes 0,2 and 0,4 
mGal, and 20 Oetvesh. 

According to these calculations, by gravity surveys is possible to 
discover chromite bodies in different depth, from tens to hundred 
meters, if will exist necessary mass of the ore body. For example, the 
ore body with radius 14,5 m and mass 50.000 tons, is possible to 
explorer up to 23,5 m depth of location, because the Bouguer anomaly 
will has an amplitude about 0,2 mGal. The mass about 3.500.000 
tons can be explored at 200 m depth of location, by survey such 
anomaly, 0,2 mGal. 
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Body mass 



— » — Radius of the spfere 

Mass of the sphere 

i Radius of the horizontal cylinder 


Fig. 4- 33. Theoretical limits of the ore body mass, for constant 

Depth of location of ore body, which will created an 
Bouguer anomaly of an amplitude Ag- 0,2 and 0,4 mGal. 
(FrasheriA. 1968, 1974) 


42 


1143 



Fig. 4-34. Theoretical limits of the horizontal cylindrical ore 

body section surface, for constant depth of location of ore 
body, which will created an Bouguer anomaly of an 
amplitude Ag- 0,2 and 0,4 mGal and Wzz= 20 Oetvesh. 
(FrasheriA. 1968, 1974) 
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These limitations create the need for the implementation of some 
measures to increase the effectiveness of geophysical search: 

Direct search for chrome ore bodies should be carried out 
simultaneously with the geophysical-structural mappings and 
petrophysical studies in order to know the factors controlling the 
mineralisation. 

Surface and underground geophysical surveys (gravity, magnetic, 
geoelectrical ones) should be carried out in complexity. In the 
interpretation of the results should be considered all other existing 
geological information. This will make possible the determination of 
the nature of an anomaly, so that the ones caused by ore bodies can 
be selected. Better combination of surface with underground surveys 
leads to the increase of the search depth of the geophysical methods. 
Geophysical works can achieve better results when perspective zones 
are the exploration objects. The work should start from well-known 
ore bodies and not from small sectors. 

Geophysical studies should be carried out in the framework of 
complex geological studies. Only in this way can better be studied the 
geology of the ultramaphic massifs, the premises for the search of ore 
deposits and ore bodies underneath the surface of the Earth. 

Since the number of shallow or near- surface ore deposits is 
decreasing, the implementation of geological methods, at present, is a 
necessity in order to increase the search depth for chrome deposits. 


44 



1145 

JUBILEE CONFERENCE “90 YEARS OF THE ALBANIAN GEOLOGY”, 

Tirana, 26-28 October 2012 

GENERALIZED GEOPHYSICAL OVERVIEW 
ON SHKODER-PEJE DEEP TRANSVERSAL FRACTURE 

12 3 4 

Frasheri A Bushati S. ; Frasheri N. ; Dema Sh. 

1 

Faculty of Geology and Mining, Polytechnic University of Tirana; alfred.frasheri@yahoo.com 

2 

Academy of Sciences of Albania 

3 

Faculty of Information Technology, Polytechnic University of Tirana 

4 

Albanian Geological Survey 

Abstract 

The article presents an attempt to generalize the complex of geophysical data: Gravity, Magnetic, 
Paleomagnetic, Geothermal, Seismological and Remote Sensing of Cukali tectonic subzone, where 
it crosses the deep transversal fracture Shkoder - Peje, as well as marine seismic data, and 
hydrological observations on the shelf of the Southern Adriatic Basin. Analyses of the results of 
these studies are based on regional geological setting data. 

Regional geological-tectonic setting of Shkoder-Peje sector of Mediterranean Alpine Folded Belt, 
presents the existence of this important disjunctive deep tectonics element. The geological surveys 
and detailed mapping at the scale 1:25.000 up to regional ones at the scale 1:200.000, does not have 
traced at the Earth’s surface the outcrop of this thrust. Consequently, have brought about the 
different concepts on it: “scharung” (1901), “deviation” (1920 — 1930), “an accident” (1960), 
“transform transversal fault” (1970-2012), “transverse fault” (1990-2012), “deep transversal 
fracture” (2012), and to silence about its existence, even to denial of its presence. These changes in 
the course of a century, not just in terms of use, were related to different geological schools over the 
geological setting of the Albanides. This transformation of concepts, unfortunately even in our days 
in some studies, related to the fact that the geological hypothesis or theories about the geological- 
tectonic setting of the region, were formed solely on the basis of surface geological surveys, which 
undertake to presented geological setting to the Moho Discontinuity without geophysical data, as 
necessary to known the depth. 

During the last two decades, the Shkoder-Peje region was involved in geophysical surveys 
polygons. Gravity Bouguer Anomaly Map, Magnetic Anomaly Map, Paleomagnetic Studies, Heat 
Flow Density Map, analyze of the satellite imagery, have provided important information about 
tectonic setting in the depth of the region. This information, interpreted in complex with the existing 
geological-tectonic data has cast light on the depth of the area, where it crosses the transverse 
Shkoder-Peje. They argued that it represent a deep transverse vertical fracture, which affects the 
Moho Discontinuity. Its amplitude at those levels is about 4 km. It decreases toward the Earth’s 
surface, until extinguished in some segments. This fracture represent a wide belt, was also 
interrupted by the deep regional or lowest order longitudinal thrusts. 

Key Words: Mediterranean Alpine Folded Belt, Shkoder - Peje transversal, geophysical anomalies, 
deep fracture. 
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1. Introduction as a historic review 

Hellenides-Albanides-Dinarides, branch of the Mediterranean Alpine Folded Belt, are interrupted 
by a deep transversal tectonic fracture in the Shkoder-Peje segments. This fracture is correlated with 
contact between Eurasian and African Plates in Drini Bay in Adriatic Sea (Fig. 1-a). It has been 
Svijich Jovan who described this fracture, calling “scharung”, for the first time in his book “Die 
Dinarics Albanische scharung-sitzba”, 1901 [Cvijich, 1901]. Later, during the first half of last 
century, this “scharung” is called as “deviation” by many Austrian, French, German, Italian, and 
Serbian researches, as Kosmat F. (1924), Koberh L. (1929), Nopca F. (1929), Bourcart J. (1919, 
1925), Novack E. (1929), Zuber S. (1940) et al., have mentioned also Shkoder-Peje zone, which 
differs clearly in tectonic and geological maps of Europe (Fig. 1-b, 1-c, 1-d). 


Fig. 1. Shkoder-Peje deep transversal fracture 
belt according to the geophysical data: 
Fig. 1-a: Earth’s Tectonic Plates Map; 

Fig. 1-b: Western Balkans Tectonic Maps 
[International Tectonic Map of 
Europe, at scale 1:5.000.000]. 
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Fig. 1-c: Regional Geological settings of central part of western Balkan Peninsula [Geological Map of 
Europe, http://www.bgr.de/igme5000/igme_frame.php] . 

1- Quaternary; 2- Neogene; 3- Oligocene; 4- Paleocene-Eocene; 5- Cretaceous; 6- Jurassic; 7 - Alpine, 8 - 
Triassic; 9 - Mesozoic; 10 - Permian; 11- Carboniferous- Permian; 12- Devonian; 13- Silurian; 14- 
Cambrian; 15- Palaeozoic; 16- Ophiolite complex; 17 - Palaeozoic plutonite; 18- Mesozoic plutonite. 
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Fig. l.d. Cosmotectonic Map of European Countries, SEV and SFRJ members, at the scale 1: 
1.000.000 (Union Aerogeologia- Geological production for regional studies of geological setting of 
country territory, 1987) 

Lineaments interpreted not so unique (hidden fractures, planetary fissures, flexures) 

Shkoder-Peje deep fracture according to the geophysical data. 
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In the second half of the 20th century, the French geologist Aubouin J. and Albanian geologist 
Ndoja I. Gj. have called the Shkoder-Peje fracture as “accident 44 [Aubouin J. & Ndoja I.Gj. 1964]. 
Later, Aubouin J. has considered “ancient transform fault” the Shkoder-Peje transversal, and as an 
“element inherits of the Tethyan Ocean paleogeography” [Aubouin J. et al. 1970]. Like a “Faille 
transversale Scutari-Pec” was presented by Qollaku A. & Cadet J.P (1991). 

After these, for almost several decades in Albanian geological studies, this fracture had not been 
mentioned, because the Albanides geological setting and its geologic history (palaeogeographic and 
tectonic) had been based on geosyncline’s theory [Geology of Albania, 1970]. 



Fig. 1-d: Geological Map of Northern region of Albania, at scale 1:200.000, (Xhomo A. et al. 2002), and 
neigbor area from the Geological Map of Kosova. 

1-Quaternary; 2- Neogene, molasse, 3- Lower Neogene-marlstone and flyschoid formation; 4- Oligocene, 
flysch formation; 5- Eocene-Paleocene, limestone; 6-Cretaceous- carbonate formation; 7- Jurassic- carbonate 
formation, melange; 8- Triassic- carbonate - terrigene formations; 9- Lower Triassic- volcanite formation; 

10- Permian-Triassic- evaporate formation, gypsum; 11- Permian- limestone, sandstone, conglomerate, 
schist; 12- Carboniferous-Permian- sandstone, conglomerate, schist; 13- Ordovician-Devonian- limestone, 
schist; 14- Plagiogranite, granodiorite; 15- Ophiolite complex; 16- Jurassic- splitite, keratophyre - diabase 
17- Gephysical inversion line; 18- Shkoder-Peje deep tranversal fracture according to the gravity Bouguer 
anomaly inversion. 


Later, seismological studies argued the presence of an active fault zone according to the well known 
Shkoder-Peje direction [Aliaj Sh. 1999, Mugo B. et al. 2001, and Sulstarova E. et al. 1972]. The 
authors of the Geologic Map of Albania [Geology of Albania, 1970] and latter Papa A., Xhomo A., 
et al. have analyzed Shkoder-Peje transversal and its role in Albanides (Papa A. et al. 1985, 1991). 
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They mentioned it as a transversal zone, which represents an area where there are rapid 
paleogeographic transitions, with the presence of a talus, connecting the Albanian Alps Ridge with 
the Krasta-Cukali Groove. They wrote, also, that this area marks the southern paleogeographic 
closure of the Albanian Alps Ridge, constituting the paleotectonic etape, the natural boundary 
between the northern and southern Albanides. Melo V. wrote “...in the Southern side of the thrust, 
which some described as transform fault, lies Mirdita tectonic zone of Albanides [Melo V. 1986]. 
Shkoder-Peje thrust as a transform-transversal fault is considered also by many authors, mainly by 
the autoctonists, which accepted the formation of ophiolitic belt as a result of the Mirdita Ocean 
opening [Kodra A. et al. 1994, Melo V. et al. 1991]. Shkoder-Peje “scharung” is considered a real 
tectonic regional element, because the area of the Albanian Alps, with compelling scientific basis, 
so far not yet found in southern Albanides, according to the Peza L. et al. (1971). According to Aliaj 
Sh. “...the Shkoder-Peje transverse fault dividing Dinarides from the Hellenides” [Aliaj Sh., 1999, 
2006], Some geologists did not mention this fracture among those who analyze their books became 
[Vranaj A. et. al. 1997], Shehu V. has written “so called Shkoder-Peje transversal” and denied its 
existence, accepted that this tectonic line represents simply the border of the northwest front of the 
Mirdita’s zone [Shehu V., 1967], 

During the last quarter century, the geophysical studies, and remote sensing that were carried out 
have a cast light on the Shkoder-Peje fracture, giving new evidences on its structure. In satellite 
images, Chorowicz J. has observed some tectonic lineaments along the Shkoder-Peje transversal 
zone [Chorowicz J. et al. 1981]. In the paper, related to the study region, are presented and analyzed 
the offshore geophysical exploration results at Montenegro Adriatic shelf and littoral [Dragasevic 
T., 1983], and remote sensing surveys (Frasheri N. 2012). 

Is important to show that the existence of Shkoder - Peje thrust and its position cannot being 
observed and mapped during geological field surveys, even at the 1:25.000 scale [Qirinxhi A., et al. 
1983]. Qirinxhi A. confirmed that in the field they were not capable to distinguish the tectonic 
borders between the Paleozoic (of Albanian Alps tectonic zone) and Paleogenic black schists (of 
Cukali tectonic zone). Because the tectonic border between them does not represent the Scutari-Pec 
fracture, about this fracture they had not discussed. Later, during the Symposium “Thrust Tectonics 
in Albania", they sustained that Shkoder-Peje fracture does not exist on the surface but, perhaps, 
exist in the depth [Qirinxhi A. et al. 1991]. 

The above interpretations regarding the Shkoder-Peje fracture also have resulted in alternative of 
the geological opinion concerning its position. Some authors, who admit the opening of the Mirdita 
Ocean and interpreted this transversal as oceanic transform fracture. After them, Shkoder-Peje 
transform fault is represented by the north-western front of the ophiolitic belt [Xhomo A. et al. 
2002], After some other authors, this transversal is represented by the northern border of Cukali 
subzone as natural geological border between Alps Zone and Cukali ones [Papa A. et al. 1991]. 

2. Methodology of Study 

Already avalaible are the results of integrated surveys and studies, which include Shkoder-Peje 
fracture zone [Frasheri A. et al 2009]. 

Geologic-tectonic settings of Shkoder-Peje region is included in the regional Geological Maps of 
Albania, by Nop 9 a F. (1929), Novack E. (1929), and Zuber S. (1940), in the Geological Maps of 
Albania at the scale 1:200.000 (1967, 1983, 2002), and in the Tectonics Map at the scale 1:200.000 
(1984), Neotectonics Maps of Albania, and seismicity studies [Sulstarova E. et al. 2011], Detailled 
geological setting of the Kiraj-Ndreaj-Brashte in Cukali zone was presented in the Geological Map 
at the scale 1:25.000 [Qirinxhi A. et al. 1983]. 

The seismicity of Albania was study by analyze of the historical and instrumental data, and the 
distribution in time and space of the seismic activity in Albania and surrounding areas. The study 
covers a period of about 2000 years. During the period about half a century have been compilated 
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the catalogues of Earthquakes in Albania up to 2005, and Atlas of the Isoseismic Maps for 198 
earthquakes occurred in Albania and nearby during 1800-1990 [Sulstarova A., et al. 2011], Present- 
day stress field in Albania was study based on the earthquakes focal mechanism solutions in the 
complex with structural analysis of the faults from Middle Pleistocene up to our time, and 
neotectonic analyze [Aliaj A. 1988, Sulstarova E.1986, Tagari Dh.1993, MU 90 B., 1994]. The 
seismic hazard estimation of Albanian territory, which presents a part of the seismological studies, 
is accompanied and with important geological information to investigated the Earth Crust structure 
of Albanides. 

Have been compilated the Map of Gravity Bouguer Anomalies of Albania [Bushati S., 1988] and 
Map of Total Magnetic Vector (T) of Albania [Bushati S., 1998] at the scales 1:200.000. For the 
Shkoder - Peje area have been observed also two detailled profiles (Fig. 1-b). Gravity and magnetic 
surveys were accompanied with density and magnetic properties of the rock detailled studies 
(QirinxhiA. etal. 1983). 

The dynamic evolution of the Albanides is recorded in the paleomagnetic data, collected from the 
paleomagnetic studies in Albania during 1991-1995: Frasheri A. and Bushati S., 1995; Kissel C. et 
al., 1992, 1994, 1995; and Mauritsch H.J., Scholge R., Bushati S., 1991, 1994; [Frasheri A. and 
Bushati S. 1995, Kissel C. et al, 1995, Mauritsch H.J., et al. 1995, Speranza F. 1995], 

Geophysical investigation has provided some information related to the crystal basement of 
Albanides (Aliaj Sh. 2006; Frasheri A. et al. 1991, 2004, 2010; Bushati S. 1988, 1998; Kotpu S. 
1989). In particular, was analyzed the propagation of the Earth Thermal Field. This analysis has 
been performed according the Heat Flow Density Map, based on the temperature records in 
boreholes at Ragami in Tropoja region, and Palaj-Karme zone [Frasheri A. et al. 2004]. 

Remote sensing based on Landsat and Modis data was used to identify some regional geological 
features and analyse the ground temperatures. 

The ofshore area of Drini Bay, at the south-western edge of Shkoder - Peje fracture zone, is 
included in the contour of the polygone of offshore geothermal studies in South Adriatic Sea. Was 
observed marine currents, waves, water salinity and temperature at various depth, as well as Earth 
Heat Flow Density at the sea bottom (Frasheri A. et al. 2011, Geothermal Atlas of Europe, 1992). 

3. Results and discussion 

Complex methods used for studies also in northern Albania and in the Adriatic Sea have brough the 
new information of great value for the Albanides depth, and which throw light on the Shkodra - Peja 
fracture zone. Follow separately analyze for results from each used method, and in the end will be 
presented their generalization. 

Geophysical investigation results show that crystal basement of Albanides has a blocks character 
(Fig. 2) (Bushati S., 1988, 1998, Ko^iu S., 1989, Frasheri A. et al. 1991, 2010). Thickness of the 
location of these blocks is shallower in Mirdita Tectonic Zone. The crust construction and their 
dynamics are reflected in the geological setting of the Albanides tectonic zones, and their tectonic 
styles. Block structure controlled by a system of NW-SE longitudinal faults as well as transverse 
ones. 

Local heat hearths put in evidence the transversal faults. Geothermal energy is related with a great 
heat flow through these fractures (Fig. 3) [Frasheri A. et al. 2004]. 

The Shkoder-Peje deep fracture represents one of deep thrusts, which transversally divides 
Albanides in two parts (Fig. 3, 4). In northern part are including western-northern edge of Kruja 
tectonic zone, northern part of Cukali zone, Albanian Alps and Gashi zones, which follow by the 
Dinarides tectonic zones: Budva, High Karst, Dalmate, Durmitor, Serbian, and Golia zone. In the 
southern part of the Albanides, represented by Sazani, Ionian, southern part of Cukali zone, Krasta- 
Cukali, Mirdita and Korabi tectonic zones, which follows by the Hellenides. This deep fracture 
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generally considered a multi phase’s transversal tectonic faults zone, with a north-eastern extension 
of about 30°. Consequently, Shkoder-Peje deep fracture divides two big areas with different 
geological settings and developing geological history, but not only in the continent, also to the 
orogenic front in the Adriatic Shelf. 

The Albanian orogenic thrust front is cut and displaced by the Othoni Island-Dhermi, the north of 
Sazani Island, and the Gjiri i Drinit-Lezha strike-slip faults, which divide the orogen into separate 
segments showing diachronous development (Fig. 5) [Aliaj Sh., 2006]. The orogenic front, north of 
the Drini Bay-Lezha town strike-slip fault, in the Adriatic offshore, belongs to the Kruja Zone. The 
buried orogenic front, north- west-trending here, is expressed by the Kruja Zone thrusting over the 
Albanian Basin. The external margin of the fold and thrust belt in Albania was thrust on the Adria 
microplate, partly over the Apulian Platform and partly over the Albanian Basin [Aliaj Sh., 2006]. 
During the Tertiary phase, this strike-slip fault functioned as a right pushing, being shifted 
towardsthe south-western inner zones [Sulstarova E. et al. 2011]. Ophiolitic Belt of the Mirdita 
Tectonic Zone is displaced more than 100 km south - west, and touching the outer zones. During 
Pliocene - Quaternary was processed with the normal disjunctive, mainly along north - western 
border of Mirdita Tectonic Zone. In outer zones, at the transversal Drini Bay - Lezha Town, cut and 
displaced front thrust of the orogen [Sulstarova E. et al. 2011]. 
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Fig. 3. Tectonic scheme of the Albanides 
[Xhomo A. et al. 2002]. 

G-Gashi zone; MOJ- Mirdita ophiolites; MOT- 
T2-J3 Ophiolites (Efusive-sedimentary 
formation): Ko, Kol, Ko2-subzones of Korabi 
zone; MK4 Gjallica subzone; Ao, Al, A2 
sobzones of Alps zone; K-Cl- Cukali subzone; 
K-C2- Krasta subzone; Krl- Dajti subzone of 
Kruja zone. 

1 . The trace of the deep transversal thrust 
Shkoder-Peje after gravity inversion, 

2- Thermal anomaly axis of the Heat Flow 
Density value mW/m2 ; 

3- Strike-slip faults Gjiri Drinit- 
Lezhe. 



Offshore seismic surveying at the Montenegrin Adriatic shelf and deep wells [Dragasevic T. 1983, 
Picha F.J. 2002] very well have enlightened geological setting at the depth on the western edge of 
Shkoder-Peje deep thrust in the Adriatic shelf (Fig. 6, 7). Deep fractures in this region represent a 
wide zone with the presence of different fault branches, arising out of the common trunk that comes 
from deep. 

Onshore geological surveys from Adriatic coast line-Shkoder-Cukal-Tropoja have mapping two 
regional disjunctive tectonics in northern southern borders of Cukali subzone, divided this subzone 
from Alps zone and Mirdita zone, respectively (Fig. 4). 



Fig. 4. Shkoder-Peje deep transversal fault 
[Collage A. & Cadet J.P., 1991] 


Fig. 5. Southern convergent margine of Eurasia plate: 
Adriatique collision and Aegean Arc [Aliaj Sh., 
2006]. Convergent margine segments: LU- Lezha-Ulqin; 
FD- Frakull-Durres; KS-Karaburun- Sazani Island; LK- 
Lefkas-Corfu Island. 
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Fig. 6. Seismic section through area 
of Boka Kotorska perpendicular to 
the coastline [Dragasevic, 1983], 
showing the over thrusting of the 
buried orogen front over the South 
Adriatic Basin 

Intensively folded structure of the Cukali subzone has northwest-southeast strike. They are cut 
transversally by Albanian Alps zone, at the north, and Mirdita zone at the south. Cukali zone, itself, 
is suppressed as an accordion -by these mentioned above two zones, during their overthrusting 
toward west and southwest. According to the estimation by the palinspatic opening of the Cukali 
folds, result that the displacement of its northwest edge toward the west-southwest is at least xxx 
km. After this geological mapping, in the Cukali subzone (sensu stricto), had not been observed any 
evidences of disjunctive tectonics of the Shkoder-Peje tranversal fault [Qirinxhi A. et al. 1983]. 

From surface geological data, ranging from the Permian rocks of Albanian Alps tectonic zone, the 
Upper Triassic - Maastrichtian- Paleocene - Eocene rocks in Cukali subzone, and also from all 
magmatic and sedimentary rocks that spread of the Mirdita zone at the surface, had not been 
deduced any arguments which can help to accept the presence at the surface of the Shkoder-Peje 
transversal fault. There are not any phenomenon of their influence for paleogeographic and 
paleotectonic of these zones [Qirinxhi A. et al. 1983]. 

Fig. 7. Cross section BB’, interpreted 
from wells and seismic lines, shows 
the relation between the frontal zone 
of the thinned thrust belt, consisting 
of a series of shallow anticlines, 
apparently detached within the 
evaporitic horizon, dissected by the 
younger strike-slip fault, also shown 
the juxtaposition of the deep side of 
the Pliocene-Quaternary Albanian 
fore deep toward the Adriatic strike- 
slip fault system [Pica F.J., 2002]. 

AF - Adriatic strike-slip fault 
system; U - Lucan deep structure; 

A/T direction of strike-slip motion: 

A- away; T- toward. 




In contrast with surface geological surveys, the gravity and magnetic surveys, seismological, and 
geothermal studies have provided information on the presence of this regional transversal deep 
thrust, and consequences of its action for geological history of the Albanides setting, which will 
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analyzed below. 

In these conditions the alternatives of characterisation of this transversal fault as a transform 
tranversal fault, aligned with the overthrust tectonic in the northern boundary of the Mirdita zone 
[Kodra A. et al. 1994, Xhomo A. et al. 2002], or as a tectonique border between Cukali and Alps 
zone as natural geological border between them [Papa A. et al. 1991] have not support by 
geophysical and remote sensing data. 

3.2. Gravity and Magnetic field scattering 

Scattering of gravity and magnetic fields have very well contoured Inner Albanides, particularly the 
ophiolitic belt (Fig. 8, 9). Bouguer gravity anomaly and magnetic ones have common peculiarities: 
a) epicenters are located over the eastern belt of the ophiolites; b) Ophiolitic belt represented in two 
parts: northern and southern, separated by flyschoid corridor; c) gravity and magnetic anomalies are 
very intensive, compared with Internal Albanides. These pecularities and anomaly configuration 
have argued the nape character of the ophiolitic belt [Frasheri A. et al. 1991, 2010]. 

According the gravity and magnetic surveing (Bushati S. 1987), Alps zone represented by a 
minimum of Bouguer gravity anomaly in general, with particularly a small amplitude anomaly in 
southern part of the Alp’s zone (Fig. 8). In the northern direction there are observed the trend of the 
increasing of the intensivity of magnetic anomaly. This pecularity of the magnetic anomaly express 
overthrust character of the Albanian Alps, too. Over the Cukali subzone is observed a linear upward 
trend of the intensity of the Bouguer anomaly toward the Mirdita zone (Fig. 8, 10). This trend’s 
anomaly can explained by the presence of the vertical deep tectonic thrust. 

After the inversion model, thrust level resulted with amplitude about 4km in the Moho 
Discontinuity (Fig. 10). Thrust amplitude toward the Earth’s surface is gradually reduced and, until 
the surface of the Earth, is almost extinguished, also according to the geological mapping. This deep 
thrust represents Shkoder - Peje fracture. By analogy with the deep strike-fault in the Adrietic Shelf 
Crust (Fig. 7) and this, Shkoder - Peje deep fracture, at the depth expected to be composed by 
several branches, occupying a wide zone of their influence and action. 

3.3. Paleomagnetic surveys - an important indicator of the presence of 

Shkoder - Peje deep fracture and its geodynamic evolution role in 
Alpine Mediterranean Foldet Belt Hellenide-Albanides-Dynarides 

Dynamic evolution of the Northern Albanides has its reflection in paleomagnetic data, collected 
from the paleomagnetic studies in Albania, which were performed during 90 years, performed by 
Mauritsch H.J. et al. (1991-1995), Kissel C. et al. (1992-), Muttoni G et al (1940), Frasheri A. and 
Bushati S. (1995) [Frasheri A. et al., 1995; Kissel C. et al., 1995; Mauritsch H.J. et al., 1995, 2006, 
Mauritsch H.J. 2000, Muttoni G. et al. 1994, Speranca F. 1995]. 
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Fig. 8. Gravity Bouguer Anomaly Map of Albania [Bushati S. 1988] 


Paleomagnetic studies shows that Ionic and Kruja tectonic zones, located at southern side of the 
Shkoder - Peje transversal, have support a joint clockwise rotation, with an angle 45-50° during and 
after Eocene-Oligocene period. This rotation has been realized through two phases, by 25° every 
phase in the middle Miocene up to Plio-Pleistocen. Ionic and Kruja zones don’t have any different 
rotation between each other. Clockwise rotation for 40°-45° since Early-Middle Miocene is 
observed at Kqira site. For this rotation, the Kqira pole acquires a West Gondwana affinity [Mutoni 
G. et al. 1996], A large Neogene clockwise rotation, D=40°, 1=3.8°, is observed also in the Mirdita 
zone of Inner Albanides, at southern Albania, northern of Albanian-Greek border [Mauritsch et al., 
1994], 



Fig. 9. Magnetic Anomaly Map of Albania [Bushati S. 1998] 
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Fig. 10. Gravity Bouguer Anomaly (Ag) and Magnetic Anomaly (T) profile I-I, Mountain Sheniku at the 

Albanian Alps-Kabash in Mirdita zone, and gravity inversion results. 

Eocene limestone anticlines of the Renz and Kakariq area, which are located in southern side of the 
Shkoder - Peje transversal zone, have a rotation about 31°. Consequently, these two anticlines have 
a declination with 18° smaller than the declination of the Eocene limestone in the Central Albania. 
These two anticlines maybe have superposition of two rotations with inverse sense: clockwise 
rotation of 50°, which has been subdued all External Albanides structures and local 
counterclockwise rotation by 25°, which has rotated only these two anticlines that have a Dinaride 
strike. 

At the Komani area, in the southern side of Shkoder - Peje transvesal, at north-western edge of the 
ophiolitic belt of Mirdita zone, have been observed declinations, which show the 82°-140° 
clockwise rotation of the Jurassic limestone. The same 28°-57° clockwise rotation is observed for 
ultrabasic rocks of western edge of the Gomsiqe massive, at south-western direction from Komani 
(Fig. 11). 

Gabro massive at Bozhaj, southern of Korga city have a magnetization vector with declination 
Do=282° and inclination Io=60.9°, the same direction as in the Khalkidhiki in Greece (D=240°-312° 
and I=30°-68°), which have demonstrated an Upper Cretaceous anti-clockwise rotation, and Upper 
Tertiary clockwise rotation of the Khalkidhiki [Feinberg H. et al. 1996]. 
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Fig. 11. Scheme of the paleomagnetic echantionage in Northern Albania, during 1989-1994. 

1-Sazani Zone; 2-Ionian Zone; 3-Kruja Zone; 4-Krasta-Cukali Zone; 5- Albanian Alps Zone; 6-Vermoshi 
Zone; 7- Gashi Zone; 8-Korabi Zone; 9-Mirdita Zone; 10- Periadriatic Depression; 11-Mollasic depressions; 
12- Jurasic limestone; 13- Upper Cretaceous-Eocene limestone: 14- Middle Neogene molasses: 15- Pliocene 
formation: 16- Ophiolite. 

Limestone samples from Albanian Alps at Selca area, in the north of Shkoder - Peje transversal, 
shows a counterclockwise rotation for 20° in relation with present north, the same value as in 
southern Dinaride’s structures. The analogue counterclockwise rotation as in Selca area, have also 
Jurassic limestone at southern Shkodra lakeshore. This fact shows that both these sections appertain 
to the same tectonic zone, in northern of Shkoder-Peje transversal area. 

The Kotori to the Split area, which belongs to the Dinarides in Dalmatia in the North is almost 
immovable for the time period being studies starting from the Eocene onwards. Dinaride’s orogen 
in the north are characterized by the regional direction f the structures N12°, unlike the Albanides 
orogen structures with a direction N150°, as in southern Hellenides [Kissel C., 1994; Mauritch H.J. 
et al 1993, 1995, 2006; Mauritch H.J. 2000]. Paleomagnetic studies in the external Dinarides have 
shown that this orogen has no any significant counter-clockwise rotation in relation to Africa, 
ranking from the Eocene, such small rotation that is observed in limestone of the Albanian Alps to 
the southern shore of Shkodra Lake. 

Paleomagnetic directions demonstrate a strong tectonic disturbance in the Central part of Shkoder - 
Peje zone. In the Jurassic limestone of the northern side of Cukali subzone, about 4 km northwest of 
Prekali village, is observed a country-clockwise rotation for about 45°. Only in less than 2 km 
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south, a 60° clockwise rotation is observed. Such result attests to the strong tectonic influence in 
transversal thrust zone. 

Paleomagnetic studies have demonstrated that Shkoder - Peje belt presents a transition zone 
between counter-clockwise rotation in the north, and clockwise rotation in the south sides (Fig. 11, 
12). Consequently has a great tectonic influence over Cukali subzone. Thus, Shkoder-Peje 
lineament, defines a transition zone which separates the Albanian Alps and the Dinarides 
(counterclockwise rotation), from Albanides and Hellenides (clockwise rotation). 


For the rotation pole located at Shkoder - Peje transversal thrust, Southern Albania has undergone a 
horizontal displacement is about 173 Km [Speranza F., 1995]. 



for Africa during the Eocene-middle Pliocene period (Speranza, 1995). 

3.4. Seismological pecularities related to Shkodra-Peja seismoactive 
tranversal fault zone 

Seismological studies carried during the last half of century in Albania have mapping seismoactive 
longitudinal and transversal deep tectonic fault zones of the Albanides (Fig. 13 and 14). 

Among them is situated the Shkoder - Peje transversal fault zone, which represent a seismoactive 
transversal normal fault zone There are systematic misallocations of the earthquakes (between 
zones 4-5, fig. 13-a, or one Nr. 4 in fig. 13-b), with strong lateral velocity contrasts, with a 
difference across the fault about 3-7%. It is well delineated also by present-days seismic 
activity. His more intensive activity, after relatively strong earthquakes, it appears in zones 
where interrupted by longitudinal faults. The following earhtquakes have been recorded in the 
Shkodra-Peja fault zone: Peja, Io=VIII, Febryary 11, 1662; Shkodra, Io=VIII, July 3, 1855, and 
1 June 1905; Trush-Shkodra M=5,5, August 27, 1948; Ulqini, 1444, and M=5,5, November 3, 
1968. During the period 1976 - 1992, in some segments of the fault zone, were evident lots of 
micro and small earthquakes with a magnitude Ms<5.0, mainly as clusters of earthquakes 
(MU 90 B., 1984; 1991, Sulstarova S. et al. 2011). The expected seismic potential of this 
seismogene zone is of a Mmax=5,5 to 6,0 [Sulstarova S. et al. 2011], 

Shkoder - Peje transversal fault zone divided in two segments the northern part of the Ionian- 
Adriatic thrust fault zone, which presented the longest fault zone along the Adriatic and Ionian 
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coasts: 

a) Lezha town in Albania - Ulqini in Montenegro coastline Northern segment, WNW trending. This 

segment is more than 200 km long, including Northern side of Kruja tectonic zone in Albanides 
and Southern part of Dalmatian zone in Montenegro. 

b) Lezha town-Vlora city, with an N to NNW trending. This segment, which is situated along 

Periadriatic Depression and stroked by Adriatic coastline, is about 130 km long. 



Figl3-a. The map of 
seismogenic zone and the 
earthquakes epicenter, occurred 
in the period of time 2002-2006, 
where the models of velocity of 
the Earth crust are calculated 
[Aliaj Sh. 2000] 


Fig. 13-b. Map of the seismoactive 
zones in Albania, with maximal 
Albania [Aliaj Sh. 1988]. 


Figure 14. Map of active fault 
zones in Albania [Aliaj Sh. 2000] 


Based on focal mechanism solution, results that in Northern littoral side of the Shkoder- Peje fault 
zone, the compression strain has a P=16° NE-W strike, and 10° plunge, while the axis of expansion 
T = 124° and 79° dep. In the Southern side of the Shkoder- Peje fault zone, the compression strain 
has a P=274° E-W strike, and 10° deep, and the axis of expansion T = 164° SE-NW and 64° deep 
(Sulstarova, 1988, Tagari (1993). In the internal area, region Vau i Dejes-Puke-Tropoje, the 
tensional stress regime has a NWN extending (Mugo B. 1994, Sulstarova 1988). Axis of expansion 
have a strike direction NNE T=140, and compression axis SSE-NNW P=152° and 74° dep. The 
focal mechanism solution of November 21, 1985 earthquake with Mw=5,6, generated from Lezha 
strike-slip, shows that this fault acts as a dextral transpression strike-slip stress axis P-207°/30° and 
T-94°/33° [Mugo B. 1994, Aliaj Sh. 2000]. This fault there presents the SW edge of Shkodra - Peja 
transversal fault zone in the internal domain of compressional regime. The existence of Lezha 
transversal as a important element, that cut and transfer the orogen front is testified not only from 
geologic-geophysical and seismological data, but also from GPS ones [Sulstarova et al, 2011]. 

Offshore geophysical explorations have discovered a deep fractures zone in the Adriatic Sea 
between Buna River discharge and Kotorri Estuary, about 15-20 km from coastline, with the NW 
strike direction. In this Adriatic ofshore area, near Albanian-Montenegrin border, at the northern 
side of the Shkodra - Peja fault zone, was located focus of earthquake, 15 April 1979. According to 
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the scattering of his aftershocks, the focal dimensions are: longue 70 km and width 25 km. Focal 
zone, as a narrow belt, has a NW-SE strike direction from Ulqini city to Kotorri Estuary (Sulstarova 
E. et al. 2011). Thrust fault plane has a NW 500 strike direction, with NE 160 plunge, while slip 
vector has a NE 48° direction, slipping angle X = + 16°, axis of the stress P=46° SW with 28° deep, 
and T=52° VL and 62° deep [Sulstarova E., 1983; Sulstarova E. et al. 2011]. 

The analyze of the seismic P waves velocities (Vp) and ratio Vp/Vs show that exist a difference 
0,12-0.46 k/s between upper part of the Earth Crust (0-30 km) in the both side of the Shkodra-Peja 
fault zone [Ormeni Rr., 2010], Such difference presents a 1,9-8, 5 % of the Vp size. At the greatest 
depths, 30-45 km the difference is insignificant. 

The stress field, the fault system and the spatial distribution of the seismic activity shows that the 
Albanian territory and the surrounding areas is constructed by many blocks which move relatively 
to each other due to the collision of two great plates, the Eurasia and African ones, in the region of 
the Adriatic promontory of African plate [Sulstarova et al. 2011], 

All seismological features indicated above argues that Shkodra-Peja transversal present a deep 
fracture, a relatively wide active fault zone that separates the paleogeographic units with different 
geological settings, and dynamic of their developments. 

3.5. Heat Flow density anomalies 

Geothermal studies at Northern Albania have been performed in 19 boreholes and in one deep well. 
As for the whole territory of Albanides, even in northern their part extends Heat Flow Density 
anomaly. Their axes are presented in Fig. 3. There are there heat hearths. Two of them, in Ragami in 
Tropoja and Karma-Palaj are located in the unic axis, which extends from northeast to southwest, 
over the overthrust tectonics in the northern border of the ophiolitic belt. Thirty axes is located in 
Kegel village in eastern site of the Kukesi ultrabasic massif. The heat flow density values are up to 
60-70 mW/m 2 . Radiogenic heat generation of the ophiolites is very low. In these conditions, 
increasing of the heat flow in the ophiolitic belt is linked with heat flow transmitting from the depth. 
Ophiolitic belt Heat Flow Density highest value can be explained by the small thickness of the 
geological section down to the top of crystalline basement, and MOHO discontinuity. The granites 
of the crystalline basement, with the radiogenic heat generation, represent the heat source. Heat 
flow anomalies are conditioned by intensive heat transmitting through deep and transversal 
fractures. Distance between trace of the Shkoder - Peje thrust and thermal anomaly axis is 9 km. 
Thermal anomaly is located on the mounted side of the fracture, where the crystalline basement top 
is located in lower depth than on the sitting side of the fracture. 

By comparing these characteristic of the thermal field and zone geological setting with structure of 
the strike-fault system in southwestern side of the Shkoder - Peje transversal in Adriatic Shelf, we 
assume that this thermal anomaly associated with the branches of transversal fracture. 

3.6. Offshore geothermal information 

Heat flow density anomaly in the Adriatic See shelf, has been presented “Geothermal Atlas of 
Europe”, 1992, (Fig. 15). The thermal anomaly over the Adriatic Shelf, with epicenter in Drini Bay 
is linked with Adriatic strike-slip fault system. In the same time, this thermal anomaly epicenter is 
located over the prolongation into Albanian Adriatic Shelf of Shkoder - Peje transversal deep 
fracture. These facts show that the Shkoder - Peje transversal deep thrust continues even in the 
Adriatic Shelf, where interrupted with Adriatic longitudinal strike-slip fault system. Over their 
intersection node is located thermal anomaly, which is linked with heat flow from Crystalline 
Basement through these deep fractures. 
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Fig. 15. Adriatic Heat Flow Density Anomaly 
[Geothermal Atlas of Europe, 1992] (a), and correlation 
of the thermal anomaly with trace of the Shkoder-Peje 
transversal deep fracture (b). 


3.5. Remote sensing and GIS information 

First study by Landsat imagery, conducted Chorowich J., Cadet J.P. and Stephan J.F. [Chorowich J. 
et al. 1981], for disjunctive tectonics in Northern Albania, include Shkoder - Peje transversal fault. 
In fig 16 are presented a sketch of thrust tectonic in Northern Albania, which differenced clearly 
main segments of Shkoder - Peje transversal fault. 


Fig. 16. Major tectonic accidents in northern 
and southern side of the Shkoder-Peje 
transversal accodin to the landsat data 
[Chorowich J. et al. 1981] 



Based on GIS and seismological investigations are determined velocities of microplates movement 
in Adriatiuc Sea. Nubia (Africa) microplate is moving NW with respect to Eurasia with a velocity 
of 6 mm/yr, while the Adria microplate moves NE at a rate of 4-5 mm/yr (Fig. 18) [Battaglia M. et 
al. 2004]. For Nocquet J.M., Adriatic is an independent microplate within Nubia - Eurasia plate 
boundary one [Nocquet J.M. et al. 2001]. Oldov et al. (2002) propose that Adria is divided by 
Gargano-Dubrovnic fault in two blocks. Northern Adria has little or no motion relative to Europe 
and its part of Alpine collage of Southern Europe. Southern Adria is moving with Nubia and is 
continuous from Sicily to Apulia, [Oldov J.S. et al. 2002]. 
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Fig. 17. Satelite image of Shkoder-Peje transversal fault at Northern Albania. 



blocks used to model the Adriatic Region. [NAd] 
North Adria, [Sad] South Adria, [G] Gargano- 
Dubrovnik fault zone, [K] Kefallinic fault zone, [A] 
Apulia escarpment. GIS velocities and their 95 
confidence ellipses. The grey dots indicate the 
location of the shallow seismicity from 1975 to 
2000 (M>3.5) [Battaglia M., et al. 2004]. 


Adriatic Sea with horizontal resolution of 1 min. The 
Mid Adriatic Pit is the relatively deep region which 
nearly transects the Adriatic. The contour interval is 
50 m. [Dietrich D., et al., 2002]. 
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In the frame of these interpretation data is necessary to discussed also the position of NW edge of 
Otranto Street, which is located in the direction of the Shkoder-Peje deep transversal fault in the 
eastern Adriatic Shelf, that result parallel with Gargano - Dubrovnic fault zone (Fig. 19). 



. . t™i - j . - 

Fig. 20. Combination of Landsat bands 7 ~ Red, 4 ~ Green, 2 ~ Blue. 
Green areas represent the vegetation coverage. 


Usage of satellite imagery for identification of geological structures resulted difficult because of 
two factors: vegetation coverage of the area and soil coverage of rocks. Nevertheless in different 
band combinations from Landsat it is possible to distinguish two areas separated during the same 
delineation of Shkodra - Peja fault (Figure 20 represents in false colors the area from Landsat7 
images with the band 7 as Red, band 4 as Green and band 2 as Blue). 



Fig. 21 -a. Average of daily ground temperature for the period 2004 - 2006 from MODIS images 


19 


1164 


Analysis of ground temperature from MODIS images was done calculating the average for day and 
night temperatures from 24 images spanned in the period 2004 - 2006. In these images it is visible a 
“bridge” of relatively higher temperature delineated between Shkodra and Peja (Fig. 21). 



Fig. 21-b. Average of night ground temperature for the period 2004 - 2006 from MODIS images 


At the end of our analysis on the Skoder-Peje transversal thrust we find reasonable to confront our 
results with new reference of the model for European crust, EuCRUST-07 (Mahdala Tesaauro et al. 
2008). As is evident from Fig. 22 , which represents map of Moho depth, is very clear existence 
of the transversal Shkoder-Peje belt with reduced Moho depth, which is a determining argument for 
the presence and nature of its. 


Fig. 22. Moho depth (km), EuCRUST-07: 
A new reference for the European crust 
(Teasuro M. et al. 2008) 



4. Conlusions 

1. Earth Crust of the Albanides exhibits a block structure controlled by a system of NW-SE 

longitudinal faults as well as transverse ones. The blocks have different thickness. 

2. According to the gravity data inversion, Shkoder-Peje zone present a vertical deep transversal 

fracture, which separate two Earth crust blocks. Fracture interrupts the MOHO Discontinuity 
with amplitude about 4 km that decrease towards the Earth surface. This fracture represents a 
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seismically active belt. Based on satellite image, this vertical fracture outcropped through 
Cukali subzone. 

3. Paleomagnetic studies have demonstrated that assemblage of the Albanides margin encountered a 

clockwise rotation of about 45°, after upper Oligocene. This rotation happened in two phases. 
This is also the case for the Western margin of the Hellenides. Shkoder-Peje transverse fault 
represents a transition zone between the clockwise rotation of the Albanides and Hellenides and 
the counterclockwise of Albanian Alps on e and Dinarides. For the rotation pole located at 
Shkoder-Peje transverse fault, the horizontal displacement is about 173 Km in Southern 
Albanian border. 

4. Continuation of Shkoder-Peje fracture in the Albanian Adriatic Shelf in Drini Bay passes over the 

epicenter of Heat Flow. This correlation argues relation of the geothermal anomaly with depth 
fractures of the Earth Crust in Adriatic Shelf. 
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Abstract 

Paper presents the results of the integrated and multidisciplinary studies for 
investigation of the anthropogenic damages to Albanian part of the transborder Micro Prespa 
Lake. Micro Prespa Lake is lake with international status, as Ramsar Convection, 
International Park and Special Protection Area-79/409/EEC. According to the studies, 
investigations and analyses, the following were concluded: 

Devolli River- Micro Prespa Lake irrigation system was not scientifically supported by 
environmental engineering, hydroeconomy and International Rights principles. It does work 
according to the projected parameters, and also, doesn’t supply the agricultural needs. About 
of 10 % of the water volume, discharges by Devolli River in Micro Prespa Lake during the 
winter, is taken from this lake for the irrigation in summer. 

Great surface of Albanian part of Micro Prespa Lake is destroyed. The other part of the 
lake is atrophied and the habitat and biodiversity are damaged. Important and unique species 
of fish, birds and plants of national and international values are risked. The underground 
karstic connection ways for water circulation are blocked. There are ruining the historic 
values of the area, such the encient Treni cave from the Bronze Age. The Albanian part of the 
Micro Prespa Lake has been damaged by the human activities. 

A huge amount of 1,2 million cubic meters alluvium has been deposited on the lake 
bottom and lakeshore, which was transported by the Devolli River waters, since 1974. This 
river waters, rich in alluvium and organic coal material from outcropped geological 
formations, also absorbed free chemical toxic remains by the drainage of Devolli farm 
ground, which have changed the chemical features of the lake water and degrading it. Micro 
Prespa Lake communicates with Macro Prespa Lake, and together with Ohrid Lake. Blockage 
of underground karstic connection ways has diminished not only the components of the lake 
water balance, but also the decreasing yield of the underground springs, that supply the Ohrid 
lake and drinkable water springs. The Albanian part of the Micro Prespa Lake plays the role 
of a gigantic decanter. This is an unprecedented case, not only in Albanian but also in Balkan 
and World hydrography. 

Devolli river alluvium deposited in Micro Prespa Lake caused the otherwise of 
territory of Republic of Albania in this area. Albania will not have any part in this lake after 
some years. The social and public opinion in Albania, must be conscious for the otherwise of 
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Albanian territory, which in the case of Micro Prespa Lake has a national and international 
negative effect on destructions of a transborder lake, defendey by Europian Convents. 

Key words: Macro - Micro Prespa and Ohrid Lakes System, anthropogenic impact 

1. Introduction 

The paper presents the environmental problems of Prespa Lake system, which is the 
pearl of Western Balkan region. This system is composed of Micro and Macro Prespa Lakes, 
and is the largest and important limnological object. Prespa Lakes have great and special 
ecological values. Its environment is characterized by a picturesque nature, particular climate, 
rich biodiversity, extremely complicated karstic hydrography, high transparency of dark blue 
waters and uncommonly diversified, beautiful coastline. In particular, the biodiversity of 
Micro Prespa Lake is very rich. Micro Prespa has high ecological values. Prespa Lakes have a 
very important influence in the general water balance of the Ohrid Lake. Prespa’s 
hydrographic network is located in the three-state border area, i.e. between Albania, FYROM 
and Greece, which have the common interest for maintaining and recuperating the special 
natural hydro-ecological values of European dimensions in this area. 

Micro Prespa Lake is lake with international status, as Ramsar Convection, 
International Park and Special Protection Area-79/409/EEC.The human activity impact on 
Prespa Lakes system and great damaged of the ecological values are analyzed in this paper. 

2. General setting of the area 

The study area is located in the Western Balkans, and it is part of three Lakes System: 
Micro Prespa, Macro Prespa, and Ohrid. These lakes are located at the foot of the rocky Dry 
Mountain (Mali Thate), which has a maximal altitude of 2287 m (Fig. 1). 



Fig. 1. Satellite image of Prespa-Ohrid lakes system. 


Prespa Lake system is composed by Micro Prespa (surface 43 km2) and Macro Prespa 
(surface 276 km2) (Bomovas, J. and Rondoyanis, Th. 1985, Gligorevich, L.J. 1988, 
Hydrogeological Map of Albania, 1984, Pano, N. et al, 1989) This system has a catchment 
area of 1 363 km2. It is located on 850 meters above the sea level. Macro Prespa is a three- 
national lake, lying in the territories of FYROM (68%), Greece (14%) and Albania (18%). Its 
maximal depth is 55 m. Micro Prespa is a two-national lake, lying in the territories of Albania 
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(12.1%) and Greece (87.9%) (Fig. 2, Photo 1). Its maximal depth is 8 m. 

In Albanian Prespa territory some villages are located on the lakeshores. Among these 
villages is Treni, well known of its prehistoric age origin, in the southwestern lakeshore of 
Micro Prespa. The population was 6755 inhabitants, in 1997. 

Prespa present hilly-mountainous area. Start from the 850 m hypsometric level at 
Devolli plant, toward the Prespa Lakes, hilly area has a maximal hypsometric level up to 962 
meters. At easterdirection are located the mountains. The mountains around Micro Prespa 
have an altitude up to 1456.7 m. and those of Macro Prespa have a hypsometric level up to 
2035.4 m. Macro and Micro Prespa Lake catchments, lie on a mountains territory. Great 
changes of the mountain highs in a short horizontal distance are area feature. Dominant values 
of vertical cutting is on average level 100-300 m/km, while in the mountain areas this 
parameter has the values up to 800 m/km (Me 9 aj, N 1997). 

Limestone landscape is typically karstic, rugged microrelief, karstic channels, fosses, 
and caves. Prespa Lake system represents a fascinating originality of its nature in Europe. The 
surrounding environment is characterized by a picturesque nature, particulat climate high 
biodiversity and, not accidentally, the lake is called the Balkan Pearl. 
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Fig. 2. Top - Satellite image of Micro Prespa Lake. Bottom - its Digital Terrain Model based 

in SRTM 


3. Integrated study methodology 

Environmental impact and ecosystem destructions of Micro Prespa Lake have been 
studying by a multidisciplinary complex methods: remote sensing analysis, hydrographical 
and limniological studies, hydrogeological, geological, and in particular neotectonics surveys, 
biological, and environmental investigations. Special attention was being paid for the analysis 
of the uncontrolled human activity in Prespa ecosystems. 

Particular attention was given to estimation of the multi annual hydrological 
parameters of lakes and atmospheric conditions, solid sediment transport from Devolli river at 
Micro Prespa Lake, as well as chemical contamination of river and lake water by chemicals 
used in agriculture. Have been carry out the investigation of karstic phenomenon and 
circulation of groundwater through karstic space. 

4. Limniology and hydrography of Micro Prespa Lake 

Kor§a and Pogradeci basins are characterized by minimal annual precipitation 722 mm 
and 765 mm respectively and maximal 1200 and 1000 mm. The annual average precipitation 
in the Dry Mountain (Mali Thate) is 900 mm (Chavkalovski, J 1996, Pano, N. et al 1997, 
Pano, N. and Frasheri, A. 1999, 2000) (Fig. 3a). Efficacious infiltration in this mountain is 
455 mm, while evotranspiration is 426 mm. Water karstic volume of Dry Mountain is 5.2 
m3/sec or 165.2x106 m3/year. 

In this region, the Micro Prespa-Macro Prespa system represents the largest and the 
most important limnological object, not only for its great water capacity, but also for its great 
and special ecological values. 

Prespa Lakes are among the most important ones in the Albanian hydrography. They 
lie in a NW-SE direction and have distinct characteristic. They are mountainous and relatively 
deep lakes (Fig. 2, Photo la, b, c). Micro Prespa length in Albanian territory is 5.75 km. Its 
minimal width is 125 m in Gryka Ujkut, in SW edge, its maximal width is up to 1500 m, 
between Shuec and Buze Liqeni villages. 
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Photo 1. Prespa Lakes views: a) Macro Prespa; b) and c) Micro Prespa views, 2006 

There was only one lake in Prespa at the very beginning. It was divided in two parts by 
thousand years sediment of Saint German (St. German) river, that flows from Vabies 
mountain in Greece. Actually these two lakes are divided by a narrow piece of land of 3 km 
long by 1.2 km wide. The Micro Prespa and Macro Prespa lakes had the same water level in 
the past and were connected by a channel and subterranean karstic aquifers. Micro Prespa 
water flows in to Macro Prespa Lake through this channel (Fig. 2, Photo 2). A dramatic 
lowering of the water level occurred in Macro Prespa recently (Pano, N. et al 1989, Pano, N. 
and Frasheri, A. 2000, Chavkalovski, J. 1996) (Fig. 3b). 



a) b) 

Fig. 3. Average annual precipitation in Pretori village, and average annual minimal water level 
(b), Makedonia (After data of Chavkalovski, I., 1997). 

The lake was losing about 150x103 m3 each year. Today the two lakes have marked 
different water level. Micro Prespa Lake has a level at +850 m, while the Macro Prespa Lake 
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actually has a level at +846 m. There was a lowering of the water level of 7 meters in Macro 
Prespa Lake between 1987-1990. This means a water reduction of 900 million cubic meters of 
the water level . 



Photo 2. The discharge of Micro Prespa Lake Photo 3. Karstic activity, Macro Prespa Lake, 
water in to Macro Prespa Lake, through the 2006 y. 

channel in Greek side, 2000 y. 


Macro Prespa water is very clear up to 20 m depth and it is light blue. During the 
summer the water temperature is up to 24oC and during the winter it goes up to 0.4oC. Some 
torrent flows in the eastern part of Macro Prespa and there have not any surface emissary. 
Intensive water discharges through subterranean ways mainly in Ohrid Lake, that is 145 m 
lower and in some karstic springs is Devolli plain. Macro Prespa water discharge into karstic 
limestone of Dry Mountain is very obvious near Gollombo 9 village (Photo 3, 4). Micro 
Prespa water was very clear too. Stones in its lake floor looked like beautiful mosaic. At the 
end of 20 century, water is completely turbid (Photo 5). 



Photo 4. Point of the disappearing Macro Photo 5. Troubles waters in Micro Prespa Lake, 
Prespa water, which migrated to Ohrid 2000 y. 

Lake (from Google Earth). 
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Ohrid is a two national lake lying 
in the territories of FYROM (70 %) and 
Albania (30%). It is a tectonic lake, 
formed during the Upper Miocene. It 
belongs to the oldest lakes group in the 
world, having the epithet “ Natural 
Monument of Europe”. UNESCO has 
registered the Ohrid Lake as “Natural 
and Cultural Inheritance of the World” 
since 1979. It water level is 695 m and 
the average depth 145 m. The maximal 
depth is 295 m, making it one of the 
deepest lakes in the Europe. Water 
temperature profil is presented in Fig. 4. 

The Dry Mountain (Mali Thate) 

Macedonian territory separate the Prespa Lake System and the Ohrid Lake. According to the 
isotopic hydrogeological studies it results that it is the same content of the 180 isotope of the 
oxygen and deuterium in the Ohrid and Prespa Lakes, and Tushemishti and Saint Naum 
springs (Eftimi, R. and Zoto, J 1997). It is assumed that all Ohrid Lake springs have a initiate 
from the Macro Prespa Lake, through the subterranean connected ways, which has a higher 
water level about 151 m. The springs which emerge in the Saint Naum lakeshore, in the Ohrid 
City in Macedonia, and in Drilon, Tushemisht etc. in Albanian territory, or those at the bottom 
of the Ohrid Lake, have a general yield of 12-15 m3/sek (Pano, N. et al 1989). This 
underground hydraulic connection makes it possible that Micro Prespa-Macro Prespa-Ohrid 
Lake system stands out in Europe for the fascinating originality of its nature. 

5. Underground waters resources 

Prespa district is rich in subterranean water resources which are linked with the 
existence of the two Prespa lakes, masive karstified limestone of Dry Mountain and the 
precipitation water infiltration in to karstified limestone (Hydrogeological Map of Albania 
1984, Pano, N. et al. 1989). According to isotopic 0 180 (in %o) hydrogeological studies it is 
concludet that the average height of the precipitation infiltrating into Dry Mountain, is 1130 m 
(Efthimi, R. and Zoto, J. 1997). 

In the western slope of Dry Mountain, from Progri village area to Tushemishti, there is 
a series of carstic springs. Their yield are determined by very developed underground karstic 
conections of the water circulation. Three springs, Golloborde-Man 9 urishte-Proger have 
bigger yield, about 500-600 1/sec. Springs or springs groups of a yield of about 1 to 100 1/sec 
lie at a distance of 2 km from each other. Strong springs of Tushemishti with a yield about 2 
500 1/sec are northward, it Ohrid lakeshore. 

But, alluvium which have sedimented in Micro Prespa lase floor has closed the 
underground water flow conections of some springs that are situated under the lake level 
(Pano,N. and Frasheri, A. 1999,2000). Recent studies have shown that the yield of some 
springs is reduced very much. 

There are artesian water basins in Devolli and Kor§a plains. The Quaternary gravel 
depozits of old river terraces, covered by clay’s layers, represented their water horizon. 

6. Review on area geology 

Prespa Lakes are located in the piedmont carbonate structure of Dry Mountain 
(Geological Map of Albania, 2002, Tectonic Map of Albania 1986, Pano, N. and Frasheri, A. 



Fig. 4. Water temperature of Ohrid lake. 


in Albanian territory and Galicica Mountain in 
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1999,2000). This carbonate structure presents a horst of Upper Triassic and Lower Jurassic 
age limestone (Fig. 5). Tectonic development during the geological periods was intensive on 
Triassic-Jurassic limestone. Upper Cretaceous limestone and middle Eocene flysch are lied in 
some sectors of the region. In the northwest of Macro Prespa Lake Pliocene clay and 
sandstone deposits are settled. Placers deposits, clay, argillite, clayed sand, sand, gravel, 
cobbles, broken stone of recent Quaternary are located over the Pliocene clay-sandstone and 
Eocene flysh lakeshores. Proluvial deposits are observed in some sectors. Ultrabasic rock 
individualization interrupts the Albanian side of Micro Prespa Lake. Ultrabasic rocks have a 
tectonic contact with limestone. 

A Pliocene terrigene continental deposit shown that was deposited in the inter- 
mountain lakes and in the deltas of the rivers, which was flowed in these lakes. This fact 
demonstrated that under the neotectonics development, following contrast relations of the 
uplifts and plunges has been created the depression where are sediments the deposits (Fig. 5) 
(Aliaj, Sh. et al 1995, Pano, N and Frasheri, A. 2000, Hyseni, A. et al 1999. These lakes 
started to form during the Pliocene about 5.5 million years ago and were completely formed 
in Holocen period. Karstic activity was developed at the same time (Photo 3). So both, 
tectonic and karst development have been created the conditions in formation of the Macro 
and Micro Prespa lakes. 

There was intensive erosion in all Prespa area rocks so a great quantity of alluvial sediments 
is carried and deposited to the bottom of these lakes. 

Area geological settings is the main factor that conditioned lakeshore stability of the Prespa 
lakes. High and abrupt lakeshores are located at limestone’s sectors (Fig. 5, 6). Abrupt 
lakeshores are located generally in the southwestern edge of Micro Prespa Lake. These shores 
are from 10 to 50 m high. Spilea rocks stands in the north side of the Wolf’s Gorge (Gryka e 
Ujkut). They begin at the lakeshores and go up to 1150 meters. There some precipices are 
found, with a height from 10 up to 50 meters. Relatively un-stable are lakeshores in the 
Quaternary, Pliocene clay-sand’s deposits or Eocene flysch sectors, in the particularly in the 
slope breccias sectors. In other shores sectors, the slopes are some meters away from the 
lakeshores. There is a gravel belt between them. In the lakeshores of both Prespa lakes have 
flow’s cones of the mountain’s streams, which are dry during the summer. 
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Fig.. 5. Geological Map, Prespa lakes-Ohrid Lake area. (Geological Map of Albania, at scale 
1:200.000, 2002). 1. Holocen- alluvion, proluvion, lacustrine, aleurolite, sand, gravel; 2- 
Holocen- swap deposits, clay, sand peat; 3- Pliocene- clay, sanstone, gravelite, conglomerate; 
4- Burdigalian- clay marl, siltstone, limestone, limestone; 5- Aquitanian- sandstone, siltstone, 
conglomerate; 6- Lower Olygocene- muddy and siltstone flysch, limestone; 7- Upper 
Cretaceous, Senomian- limestone, conglomeratic limestone; 8- Upper Triassic-Lower Jurasic- 
Limestone, dolomite; 9- Amphobolitic peridotite. 
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Fig. 6. Geological Profile through Micro Prespa Lake 
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The geological settings of the region has created the condition to find some minerals in Prespa 
area, in particularly industrial materials (construction’s materials). There are quartzose sand 
and clay. Limestone and ultrabasic rocks represented very high quality constructive materials. 

7. Biodiversity and present legal protection status 

The biodiversity of Micro Prespa Lake is very rich (Bega F. 2000, Bimo T. 2000, Pano, N. et 
al 1997, Pepo E. 2000, Qoshja, Zh. 1979, Rakaj N. 2000, Shumka S. 2000). 

The Prespa area envrironment is aride. The Flora - vegetation and forests with 71 sorts of 
trees, shrubbu trees, and the aquatic bed plants extend in some sectors: 

• The aquatic bed plants: Caratophyllum sp., Myriophyllum sp., Lemna Minor, Trapa 
Natans, Nymphaea Alban, etc. 

• The trees: Salix sp, Querqus Cerris, Querqus Pubescens, Querqus Petrea, Fagus Silvatica, 
Oatria Caprinifolia, Fraxinus Ornus, Carpinus Betulus, Acer Pseudoplantanus, Pinus 
Nigra, Abies, Ingland Regia, Castanea Sativa, Corulys, Juniperus, etc. Oak forests in Maja 
Zonjes, Maja Kallogjerit and Faqes se Osojes in Makro Prespa area and Koria e Trenit in 
Micro Prespa area make this region very beautiful. 

• The Emergents:Carex sp., Trifolium sp., Phragmites australis, Tupha sp., Scirpus sp., etc. 
The fauna of the Prespa Lakes distinguished by: 

• Rare fish Rutilus prespensis,Chordrostoma prespensis, Barbus prespensis, Albumus 
belvica, Albumoides binpunctatus orhiadanus, Cobitis meridionalis, Cyprinus carpio, 
Salmotrutta peristericus, etc. 

• Birds: Pelecanus criptus Bruch (Photo 6 a,b), Pelecanus onoctotalus, Pholacrocorax 
pygmeus, Ardea purpurea, Plegadis falcinellus, Egretta alba, Platalea leucorodian Anser 
anser are representatives of the birds. 

• Mammals are habitants of the Prespa area, as Rhinolophus ferrumequinum, Pipistrellus 
nathussi, Glis glis, Canis lupus, C. aureus, Lutra lutra, Felix silvestris, Meles meles, Ursus 
arctos, etc 

• The Polygonetum amphibii are very sparseness associacion in the Prespa lakes. In 
particularly the Potameto-Najadetum H. findet in the Macro Prespa Lake. 


• The pelagic zooplankton community of Microprespa Lake consists of 43 species. The 
main representatives of the zooplankton are composed by: Protozoa- 1 specie, Ritatoria-16 
species, Cladocera-16 species, Copepoda-9 species and Mollusca-1 specie. 



Photo 6 a, b. View of Pelecanus Criptus Bruch. 

Prespa’s Lake catchment has unique natural values, particularly ecological value. It has great 
international values. Not accidentally the lake is called the Balkan Pearl. Since 1957 it was 
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become as National Park, Wetland of International Importance in accordance with Ramsar 
Convention, Special Protection Area (79/409/EEC), and Important Bird Area (ICBP-IWRB). 

8. Historical wealth of Prespa 

Baing very beautiful and having favorable natural conditions, Devolli and Pogradeci areas 
were the living place of Enkeley Ilirian tribes in 1500-1400 BC (History of Albania 1959, 
Samsuri V. 2000). In Micro Prespa lakeshore, in its south-west edge, there is a prehistorical 
living place, Treni cave (Photo 7). The first living traces in this cave belong to Neolithic Age 
(Ancien Neolit). The others cultural layers belong to Bronze Age (ancien and late) and the 
Iron Age as well. Prehistoric drawings found on Spilies rocks, in the northern lakeshore of 
Micro Prespa Lake are of a great value (Photo 8). At the same time the eremeticus cherchs 
built in Prespa area rocks is of a great historical value. 

In 851-1018 new towns appeared in this area. The center of it was Devolli town. During the 
last years of the 10th century Prespa and later Ohrid become important centers of the 
Bulgarian empire of that time. It is characteristic that all the orthodox churches of the XIII- 
XIV centuries were built according to the bisant style. One of the fourth cherches that could 
servire is that of St Mary” in Grad Mountain Island in Macro Prespa lake. It was build during 
the 14th century and its famous for its wall pictures of great artistic values. 



9. Anthropogenous impact 

Unfortunately, anthropogenous activity has greatly damaged the ecological values of Prespa 
Lakes system for a long time, in particular in the Albanian part of Micro Prespa Lake, which 
have caused the lake biological equilibrium and biodiversity destruction (Pano, N. and 
Frasheri, A: 2000): 

• The construction of the hydrotechnical works (Fig. 7): 

Network channel (1976), for the irrigation of Devolli and Kor 9 a plants, 

Supply of Micro Prespa lake with Devolli River water (Photo 9), 

Opening of new agricultural land against agrotechnical criteria, and 
Discharge of polluted urban and industrial water into this system etc. 

• Habitat loss and deterioration of over the last five years are the major factors causing 
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serious threat to plants and animal species. 

• Uncontrolled timber harvesting and overgrazing have resulted in degradation 
deforestration of the forest resources and serious erosion. 

• Uncontrolled fishing and hunting have caused great damage to a large number of fish 
species and games. 



Fig. 7 Water Supply and Irrigation System Sketch from Devolli River to the Micro Prespa 
Lake and water flow to the Macro Prespa Lake. Top - Left: photo of the channel that 
supplied Micro Prespa Lake with Devolli River water. 

9.1 . The influence of the hydrotechnical constructions on destruction and ecological 
stress of the Micro Prespa Lake. 

A channel of a water capacity Q=10 m3/sec to supply Micro Prespa Lake with Devolli 
River water during the winter was constructed in 1976 (Fig. 7). 30-70 million cubic meters 
water a year was discharged into Micro Prespa Lake through this channel. According to the 
project, the maximal water hyplometric level in the lake was 852.2 m at end of the supply 
period. During the summer, the lake water has been used for the irigation of Korea and 
Devilli plains, with a surface of 22 500 ha. The maximal quote of exploitation, by the project 
has been 850.2 m.and can be used 90 milion cubic meters water. 

The waters of Devolli River, which is one of the most turbid rivers of the Balkan 
Peninsula. Waters of Devolli River have a mean mineralization M = 483 mg/1 and a hardness 
12 German degree. Granules with a diameter less than 0.02 mm have predominated in this 
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sediment. Granules with a diameter less than 0.002 mm are up to 14% of this sediment mass. 
According to the American Classification ASTM, this sediment is classified as Lean Clay CL. 
According to their plasticity index Ip=13.5, and to the upper and lower limit of the plasticity, 
respectively Wl= 42.2% and Wp=28.7 %, illite and montmorillonite represents this clay 
material. Great amount of Devolli River waters flowing in to Micro Prespa Lake during the 
winter. A considerable amount of solid matter enter in to the Prespa Lake and were decented 
in the lake. Under existing conditions, Micro Prespa Lake plays the role of an authentic 
gigantic decanter (Photo 10a, b, c). 

To avoid alluvium a decanter, have been constructed, which in reality doesn’t work. 
Studies have shown that Devolli River water flows undecanted into Micro Prespa Lake, 
depositing about 1 .2 million cubic metters of alluvium, which has resulted in lowering of the 
water volume, lake surface and drastically damaging the lake ecological values. Being free of 
alluvium, but not by the chemicals, the water flows into Macro Prespa lake, converting into 
international waters. 

In these condition Devolli River-Micro Prespa Lake irrigation system ist’n 
scientifically based not only on environmental engineering but also but also on 
hydroeconomial and international rights laws. It also does not work according to the projected 
parameters and does not correspond to the agricultural needs. Water quantities taken from 
Micro Prespa in summer, especially during the last years, have been les that 10% of the 
volume of the water inserted into the lake. So, in 1997, only 2.3 million cubic meters was 
taken away instead of 90 million cubic meters projected to be taken. In 1998 only 5 million 
cubic meters and in 1999 also anly 5 million cubic meters or 0.4 m3/sec from 10 m3/sec 
according to the project. This happened because Micro Prespa Lake communicate with Macro 
Prespa Lake (Fig. 7, Photo lc). In these conditions turbid water of Devolli River upon 
flowing in Micro Prespa Lake decant in it, ruining it and, being free of alluvium, flow in 
Macro Prespa Lake. 

9.2. Damages of the biodiversity 

Micro Prespa Lake has great problems of eutrophism (Photo lc, 11, 12). 
Eutrophication processes are promoted by enrichment in nutrients. The direct consequence of 
such addition is represented by a change in biodiversity (Bega F. 2000, Bimo T. 2000, Pano, 
N. et al 1997, Pano, N. and Frasheri, A 2000, Pepo E. 2000, Qoshja, Zh. 1979, Rakaj N. 2000, 
Shumka S. 2000). 

Another negative aspect is the penetrating of a considerable quantity of toxic remains 
and absorbed coal organic material by the drainage of Devolli farm grounds and by 
geological section outcrop. The lake water content nitrite, nitrate, ammoniac, phosphate, 
carbonate, and organic material. Chemical change of the water has been observed up to a 
distance of some hundred meters, from the southwester edge of lakeshore to inside of the lake 
(Kanani K. 2000). This changes the lake water features and degrades their habitats. 

Habitat loss and deterioration of over the last five years are the major factors causing 
serious threat to plants and animal species. In particular, this phenomenon obviously 
influences a part of the aquatic flora and fauna in the lake. 

9.3. Threaten flora 

• The aquatic bed plants: Nymphaea Alban in paeticularly, Caratophyllum sp., 
Myriophyllum sp., Lemna Minor, Trapa Natans, Leucojo-Fraxinetum Angustifobiliae, 
Potameto-Wallisnerietum, Nymphoidetum Peltatae etj . 

• The trees: Carpinus Betulus, Acer Pseudoplantanus, Corulys, etc. 
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9.4. Threaten fauna 

• The fishes: Leuciscus Illyricus; Salmotrutta 
Peristeris; Barbus Prespensis 

• The zooplankton: Eutrophication processes 
have changed also in zooplancton 
composition of Micro Prespa Lake. 



b) 



Photo 10. General view of the damages of ecosystem at Prespa Lake shore, 


(a) 2000 y., (b)(c) 2006 y. 


9.5. Underground water resoures and springs 

Lacustrine alluvium has coated all shallows of Micro Prespa lakeside and has blocked 
its underground water resources. As a result water balance of Micro Prespa Lake is ruined and 
drinkable water springs yield is diminished. There are springs such as Ventrok that had a great 
discharge of 13.8 1/sec before the lake was stuffed with sediment deposition that is drying up. 


Environmental Evolution of Micro Prespa Lake Using Landsat Images 

The analysis is based on Landsat images from years 1972 (1973 for the NIr band), 
1987, 2002 and 2010. Three methods were used for the processing of images: 

a) Natural color combination Blue-Green-Red for each year, enhancing the colors in water 
surfaces in order to make visible water turbulences. Enhancement of colors was done keeping 
as reference the Ohrid Lake, which water showed no signs of turbulences. 

b) Combination in false colors of NIr bands in two ways: 1973-Blue, 1987-Green, 2002 -Red 
and 1987-Blue, 2002-Green, 2010-Red. Such combinations were used to identify variations 
of lakes shores [Lrasheri Cico Lundo, 2010] 


c) Combination in false colors of NDVI in two ways: 1973-Blue, 1987-Green, 2002-Red 
and 1987-Blue, 2002-Green, 2010-Red. Such combinations were used to identify variations 
of vegetation lakes shores [Lrasheri Cico Lundo, 2010] 
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Fig. Aaa - Natural enhanced colors of Macro and Micro Prespa Lakes (top left ~ 1972, top 
right ~ 1987, bottom left ~ 2002, bottom right ~ 2010) 


In 1972 there are no significant turbulences in both Macro Prespa and Micro Prespa. 
Water of Micro Prespa looked more “reddish” proobably because of being more shallow. 
Instead, in 1987 there are first signs of turbulences in Micro Prespa, and first signs of 
turbulences near shores in Macro Prespa. Situation resulted dramatic in 2002, while showed a 
little improvement in 2010 as result of interruption of water flow from River Devolli in 
Southwestern corner of Micro Prespa (colors of this corner are not enhanced). 


A view of Southwestern comer of Micro Prespa Lake is visible in Google Earth. 
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Fig. Bbb - Google Earth image of Southwestern corner of Micro Prespa Lake. Villages of 
Shueci and Buze Liqeni are shown as repers for the geological profile of the Lake 

It is clearly visible that almost the whole corner is filled with vegetation (mostly 
reeds), except a small area at its center. In the bottom-left corner of the image there is visible 
the channel used to flow Devolli River waters into the Lake during winter time. 

The variation of lakes shores was done comparing NIr images by combining them 
using false colors. Permanent water areas appear in black, permanent ground areas in gray or 
nuamces having all three RGB base colors, while areas where the shore line has moved 
appear in specific colors with only one or two components of base colors. 


Fig Ccc - Combination of NIr bands (left: 1973-1987-2002, right 1987-2002-2010) 

In the combination of 1973 (blue) - 1987 (green) - 2002(red) part of Macro Prespa 
Lake shore (“A”), the Northern shore (“B”) and the Southwestern corner of Micro Prespa 
(“C”) are in clear red color, indicating that during the period 1987-2002 there is a loss of 
water surface. In Macro Prespa it was result of decrease of water level, while in Micro Prespa 
it was result of sedimentation and increase of reeds. In the combination of 1987(blue) - 
2002(green) - 2010(red) the same areas A and B show lack of red component, indication that 
during 2002-2010 there was no change in the shore line. Instead in the area A there are 
reddish spots due to development of reeds while in its center the green spot indicates that the 
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area filled with reeds in 2002 resulted improved as clear water in 2010. 


The variations in time of NDVI are presented with false colors in the figure: 



Fig Ddd - Combination of NDVI (left: 1973-1987-2002, right 1987-2002-2010) 


The same phenomena are visible in false color combinations of NDVI for the two 
periods 1972(blue) - 1987(green) - 2002(red) and 1987(blue) - 2002(green) - 2010(red). The 
environmental situation in both Macro and Micro Prespa Lakes is deteriorated during the 
period 1987 - 2002 and has a slight improvement during 2002 - 2010, result of interruption of 
water loss in Macro Prespa and of Devolli River water flow in Micro Prespa. The area 
indicated by “D” shows strips of algae developed in Macro Prespa waters in 2002. 

11. Otherwise of Albanian territory in the Prespa area - as a conclusion 

The above factors have helped sediment deposition of about 1.2D million cubic meters 
into Minor Prespa Lake, diminishing the water volume and the surface of this lake. It is the 
otherwise of the Albanian territory. 

The lack of the respective action plans and platforms for scientific and economic 
cooperation based on International Legal Acts, has in turn damaged the creation of the 
necessary space for the complex and integral use of the hydrological resources of this lake 
system for hydro-economic purposes, conserving ecological values. 

It is this pearl that Albania is losing as a result of uncontrolled human activity. Albania 
will not have any part in Micro Prespa Lake after some years as a results of this great 
deterioration which is spreading all over the lake. This destruction of the Albanian side of 
Micro Prespa Lake step by step will extend in all water volume of the lake. Being 
Transborder Lake, their destruction will bring problems in the relation between both 
countries. 

Being scientists, we made an appeal to local community and government, state 
government and scientists of different fields to take urgent measures to interrupt the further 
damage of Micro Prespa lake and the unlawful change to Albanian territory. 

Let us save this pearl, regenerating it, improving the life the local inhabitants and 
transforming the district into a wonderful tourist place. 
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b) 

Photo 11. Eutrophication of the Micro Prespa Lake water, 2000 y. 



a) b) 

Photo 12a, b. Eutrophication of the Micro Prespa Lake water, 2006 y. 
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Shumka S. 2000. Zooplancton community in the Micro Prespa Lake, as a factor of the natural 
individuality of this lake. “Rising Public Awareness for halting anthropogenic damages to the 
Micro Prespa Lake” UNDP-GEF/SGP 99-003 Project. 

Tectonic Maps of Albania, 1986, scale 1: 200.000 Institute of Geology, Tirana. 
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Abstract 

In the speech are presented the development of the geophysical exploration in Albania, contribute of the 
geophysics and facing the challenges during the transition period toward free market economy. 

Albania is a rich country in mineral resources, chrome, copper, iron-nickel, coal, oil and gas etc. The 
exploration for these mineral deposits is carried out successfully by using a wide and complex range of 
geological, geophysical and geochemical methods. There are tens of oil and gas reservoirs, tens of 
copper, chromite, etc. deposits that have been discovered through geophysics contribution. Gravity, 
magnetic, geothermal and seismic zoning maps of different scales up to 1 :200.000 and 1 :500.000 are 
important part of regional studies on the recognition of geological setting of Albanides. Geophysical 
studies and research are conducted in Albania for more than 70 years. The first geophysical researches 
have been performed during thirty years, with gravity, and magnetic survey, vertical electrical soundings, 
by Italian companies in the years 30-40. Geophysical research in large polygons for oil and gas 
reservoirs, and copper, chromite deposits explorations began systematically to 50 years period. 
Gradually, step by step, we have applied different geophysical methods. The successful Albanian 
geophysics in search for metallic deposits and oil and gas reservoirs have been published in many 
papers in national and international scientific press, and presented in the national and international 
meetings. 

On shore and of shore oil and gas exploration have been performed using seismic reflection surveys, 
gravity mapping, and small volume of the vertical electrical soundings. Mining geophysics for copper, 
chromite, bauxites deposits exploration is developed through application of the gravity and magnetic 
mapping of different scales, induced polarization profiling and real-section surveys, electromagnetic 
profiling, resistivity profiling and vertical electrical soundings, self potential mapping. Radiometric and 
nuclear geophysics have been used for phosphorite research. Oil and gas, copper, chromite, phosphorite, 
coal wells have been studies using complex of the electrical, sonic, radioactive and nuclear well logging, 

Important direction of Geophysics presents seismological studies in Albania. These studies have been 
developed to three areas: seismotectonics, seismology and seismologic engineering. 

Last two decades represent the period of extension of the field of application of shallow engineering and 
environmental geophysical methods to solve the geotechnical tasks, hydrogeological research, the micro- 
zoning of main Albanian cities, the study and evaluation of geothermal energy, and environmental studies 
for impact evaluation and water pollution, etc. 
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Geophysical Branch in the Faculty of Geology and Mining, Polytechnic University of Tirana, during a half 
of century period from 1961 up to present have graduated 304 geophysicist engineers, and 48 doctors of 
sciences. 

Albanian Geophysicists have established since 1989 Geophysical Society of Albania (GSA), which is part 
of the Albanian Association of Geoscientists and Engineers (AAGE). GSA is a member of the European 
Association of Geoscientists and Engineers (EAGE) and the Balkan Geophysical Society (BGS). 

Key words: Albanian Geophysics, Mining Geophysics, Oil and Gas Geophysics, 
Engineer and Environmental Geophysics. 

INTRODUCTION 

Albania is rich with natural resources: oil, gas and solid minerals. Integrated geological-geophysical- 
geochemical prospecting have discovered and developed tens of solid mineral deposits, and oil and gas 
reservoirs in Albania. 

In order to demonstrate the economic capacity of the Albanian Mining and Petroleum Industries, it is 
sufficient to indicate that only during 1984 there were extracted 1,007,000 tons of copper minerals and 
processed 12,600 tons of blister copper, as well as 960,000 tons chromites. The average income from the 
copper and chromium extracting industries was 120 million USD. About 20 million tons of copper 
minerals and 21 million tons of chromites have been extracted by the Albanian Mining Industry. Oil 
production reached a peak of 2.250.000 tons in 1973. Up until 1990s, there were extracted 49, 5 million 
tons of oil, about 12 million cubic meters of natural, and 47 million tons of coils. Unfortunately, during 
the transition period among 1990 to 2010, the volume of extraction by the mining and oil industry has 
steadily decreased. According to the official statistics, INSTAT, the mining production has decreased as 
following: 88.6 in 1994, 86.5 in 1995, 75.8 in 1996, 47.1 in 1997, 74.5 in 1998, 35.5 in 1999, 31.0 in 
2000, and 27.0 in 2001. 

Geological prospecting have evaluated the mineral resources, capable of extraction as 31 million tons of 
oil, 53 million tons of cooper minerals, 40 million tons of chromites, 220 million tons of Ferro nickel, 
100 million tons of nickel, 700 million tons of coil. More than twice of the extracted copper and 
chromites ores are estimated by geological exploration and developing statement of the resources for the 
future. 

The Bitumen from the Selenica mines in southern Albania has been extracted since the ancient times. 
Illyrian tribe of pirusts was well known for copper processing. An activist of the Albanian Renaissance, 
the philosopher Sami Frasheri, in his book "Albania, What It Was, What It Is, and What Will It Be 
(1899), wrote "...it is necessary to explore all metals all over Albania ... In the capital of Albania, in 

addition to secondary schools must be a university, and an academy to develop in Albania the 

literature, history,.... and geology, etc.”. Nearly half a century later, a politician Mehdi Frasheri in his 
book "The Albanian Problem" (1944) wrote: "... At near future, Albanian oil in Kugovo as well as in 
Patos will form a source of national wealth and a key target for state revenues " and "... in Albania there 
have been explored some ores, which can also reasonably be used for developing the economy and 
industry of the country. . ..”. Procuring fuel, as in time of peace as well as in time of war has taken a great 
importance that plays a leading role role in foreign policy of states. For these reasons, fuel in majority of 
states have been the monopoly items. On the one hand to give sufficient revenues to state case, on the 
other side to have under control; for all of its cases, if the monopolization of the fuels in foreign hands is a 
suicide, that in case of need the state lacks main factor of each movement (pi 10). 

In the 1920s and 1930s, oil was discovered in Kugova, and it was processed, also copper was extracted in 
Rubik, and a little later started the extraction of chromium. The programs elaborated by our philosophers 
and statesmen were fully implemented after the World War II. The new state took particular attention to 
further developing the exploration, extraction and processing of the natural 

resources, and it put those industries at the cornerstone of the socio-economic development of Albania. 
The development of those industries went hand in hand with the formation of a new cadre of young 
specialists, who were able and willing to explore and to extract the mineral wealth of the homeland, and 
to selflessly contribute to the development of the state and economy. 

Geophysical studies and research are conducted in Albania for more than 70 years. First gravimetric and 
magnetic surveys and electrical soundings have been performed during thirty years by Italian company. 
Geophysical research in large polygons has started systematically from 1950 year for oil and gas, 
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gradually to apply different methods: Gravity survey, Vertical Electrical Soundings, and Well logging 
(1950), Seismic surveys (1952). From 1953 has started application of the Geoelectrical surveys for cooper 
exploration, magnetic surveys (1957) and gravity surveys (1958) for chromite exploration. Radiometric 
surveys (1959), and geothermal studies (1989). Offshore seismic and geoelectrical surveys in Albanian 
Adriatic Sea Shelf for oil and gas exploration have started from 1982. Geophysical research in fifty’s 
years was performed by Soviet and German geophysicists. From 1952 he returned from overseas studies 
two first Albanian engineers. At that time was formed also the first geophysicist’s technicians. After 
1961, all geophysical surveys have been performed by Albanian geophysicists. For two years in the 
seventy’s years, the Albanian geophysicists have worked together with the Chinese geophysicists. Today, 
after 60 years, there are 304 geophysicists, as well as dozens of physicists, electrical engineers, etc. that 
have working on geophysical surveys. Among them are 48 doctors of sciences, 7 professors, and 22 
leading researchers and masters. 



Fig. 1. Important oil and gas reservoirs and solid minerals deposits in Albania. 
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Albanian Geophysicists have established since 1989 Geophysical Society of Albania (GSA), which is part 
of the Albanian Association of Geoscientists and Engineers (AAGE). GSA is a member of the European 
Association of Geoscientists and Engineers (EAGE) and the Balkan Geophysical Society (BGS). 

Geophysical studies in Albania, year by year have been developed as complex methods, such as 
technological level of the surveys and interpretation, and are raised up coordination with other geological 
and geochemical methods. The realization of the development of Geophysics at the beginning of the 
period 1972-1986 is sensitive behavior of equipment and modern technologies for seismic, gravity, 
geoelectric, magnetic surveys, radiometric studies and well logging. 

Geophysical Exploration and studies have been performed in the framework of the three Geophysical 
Enterprises [Bigoku T., 2004, Frasheri A. et al. 2010]. 

1. Oil and Gas Seismic and Gravity Enterprise in Fieri City: 70 geophysicists enginees, four seismic 
teams, gravimetric one, a geoelectrical team, as well as marine expedition with seismic, geological and 
geoelectrical teams. Enterprise has realized about 2500 km/year of seismic profiling by multiple 
coverage. 

2. Oil and Gas Well Logging Enterprise in Patosi City: 30 geophysicist’s engineers, the electric, 
radioactive, sonic groups, gas logging, and perforator’s groups, laboratory of physical properties of the 
rocks and interpretation group. Well logging groups carry integrated geophysical study of exploration 
deep wells for oil and gas with an annual volume of 80,000 linear meters of wells with a depth up to 6700 
m, and tens of thousands linear meters of production wells. 

3. Geophysical Enterprise of Tirana for mining geophysics: 106 geophysicist’s engineers. Geoelectrical 
Teams have realized about 35-40 km 2 /year mapping at the scale of 1:10 000, 1:5.000 and 1:2.000. 
Averagely the same area has covered also by the gravity and magnetic survey. In 2008, the restructuring 
of the Albanian Geological Service, the company was reformed: several specialists went to the Institute of 
Earth Sciences was established, some remained in the unit geophysical Albanian Geological Service. 


Tab. 1 Application fields and geophysical methods applied in Albania 


GEOPHYSICS 

Methods 

Application fields 

Oil & gas 

Mining 

Engineering & 
Environmental 

Regional 

Applied 

Seismic reflection 

++ 


++ 

+ 

Electrical 

+ 

++ 

++ 

+ 

Gravity 

+ 

+ 

+ 

++ 

Magnetic 


+ 

+ 

++ 

Well logging 

++ 

+ 

+ 

+ 

Radiometric 


+ 

+ 

+ 

Seismology 

Earthquakes 

1. Seismological Surveys Network 

2. Seismological zoning of Albania 

Engineering 

1. Seismic Micro zoning and seismic risk evaluation 
2.Seismic monitoring of the hydropower plant dams 


Geothermic 


1. Geothermal studies 

2. Geothermal energy platform and use scenarios. 


+ + Principal method 


In Geological & Geodesic Enterprise of the Ministry of Construction and in the Hidrogeological 
Enterprise of Tirana have two specialized geophysical expeditions for engineering geophysics (1983) and 
water research (1980). 


Important direction of Geophysics in Albania presents the seismological studies, which have been 
conducted by the Institute of Seismology, Academy of Sciences. These studies pertain to three areas: 
seismotectonic, seismology and earthquake engineering. The first seismic station was established in 1968, 
at the Chair of Geophysics, Faculty of Geology and Mining. Seismological Institute was established in 
1973 at the Academy of Sciences. Has been set-up the seismological network with 13 stations in Albania. 
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In 2008 the institute, was involved in the Institute of Earth Sciences in the Polytechnic University of 
Tirana 

Teaching of Applied Geophysics case began in the Geological of Department of the Polytechnic Institute 
of Tirana (1955). The formation of geophysical engineers and their post graduate training since 1961 have 
been performed in the Geophysical Branch, Chair of Geophysics Faculty of Geology and Mining, 
Polytechnic University of Tirana. The period of study was five years for engineers [Frasheri A. et al, 
2008]. 

Geophysicists of all generations have given outstanding contribution to the discovery of ten oil and gas 
reservoirs, eleven copper deposits, and many other solid minerals. They have performed geophysical 
regional studies of the Albanides. There are 637of papers published in national scientific journals, 33 of 
papers published in international scientific journals, and hundred papers that have been presented to major 
success in international scientific meetings [Bigoku T. 2004, Frasheri A. et al. 2010, Papa A. 2001, Rama 
M. 1995]. 

Unfortunately, during a very difficult post communist transition among 1990 to 2012, geological research 
and other scientific activities, including the geophysics went downhill. Geophysical companies were 
reformed and closed, the volume of work has fallen to the minimum possible, leading to zero discovery of 
oil and gas, as well as solid useful minerals. The geophysics branch in the Polytechnic University of 
Tirana was recently closed. There is only option for t Scientific Master Diploma on geophysics. Many of 
the best geophysicists have migrated and actually work in their specialty in France, U.S.A., Canada, etc. 

Despite all these processes for geophysics and geological researches, the Albanian geophysicists currently 
in Albania are trying to save the geophysics in the conditions of the Albanian market economy. We have 
started to widen the field of the application of geophysics in other areas. We are convinced that the 
geophysical surveys, with modern equipment and software, are as important to geological exploration and 
studies as the X-ray equipment and echo-sounds are to the doctors. Therefore, geology without 
geophysics risks a return to the nineteenth-century level. 

Fast two decades represent the period of extension of application fields of geophysical methods for 
solving geotechnical tasks, hydrogeological research , micro zoning of the main cities of Albania, 
geothermal studies and evaluation of geothermal energy, geoenvironment studies and its impacts 
assessments, archaeological geophysics, etc. An important contribution has been given by joint projects 
with other institutions and academics as well as professionals from leading countries in the field. 
Unfortunately, Geotechnical and Environmental Geophysics surveys, there are not to the extent 
appropriate of modern techniques and technologies, particularly for the evaluation of natural geologic 
hazards. 

However, in order to assess the new scientific research, inter alia, it is necessary to ask and analyze what 
was done, how it was done, and to determine future goals and objectives. In order to present a modest 
contribution in this direction, we have made a review of the Albanian Geophysics in the years 1950 to 
2012. 

We bow respectfully to Albanian geophysicists: to students, to our colleagues and friends during the 
years, with which we share the joys, achievements and difficulties of research works, with which we sleep 
in the stiffing and the rainy days in the mountains, in tents that they often leak. Them to dedicate this 
writing; sacrifices of their families, with much love and care they supported to perform the duties of their 
passions in life, with dedication throughout Albania. 

For conducting research have worked 289 engineers geophysics geophysics, as well as dozens of 
physicists, electrical and electrinics engineers, etc. Among whom many scientific have scientific degrees 
and titles. In the field of applied Geophysics contributed valuable Alfred Frasheri, Ali Mema, Aleko 
Stamata, Sunrise Fuari, Anastas Dodona, Betim Muco, (^aush Xhufi, Daver Canon Eduard Sulstarova, 
Enrico Veizi, Hasan Topgiu, Hidai Haxhiu Fatmir Fezga, Ferdinat Dafa, Jani Skrame Jorgji fluid, Kliti 
alder, Flambi Fangora, Figor Lubonja, Flambro Duni, Naun Priftaj, Neim Cavani, Novruz Kodheli, 
Nikolin Feka Nikola Zendeli, Pertef Nishani, progress Alikaj, Radium Avxhiu, Rushan Lico, Salo Arapi, 
Safet Dogjani, Salvator Bushati, Siasi Kogiu Spiro Cosmas, Stavro Dimas, Shyqyri Aliaj, Teki Bigoku, 
Thanas Anthony, Rainbow Dhrami, Veronika Peci, Wilson Bare, Wilson SIFO, Vladimir Veizaj, etc.., 
etc.. 
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1 THE ROLE OF GEOPHYSICAL METHODS IN THE FRAMEWORK OF 

INTEGRATED OIL & GAS EXPLORATION 

Integrated geophysical exploration for oil and gas had the reflection seismic survey as the main method. 
Besides its, prospective regions for oil and gas have mapped by gravity surveys. Have been used also 
some vertical electric soundings. Successful experiments, but in small volume, were also made for direct 
search of oil and gas reservoirs by complex of methods: natural electric field, radiometric and magnetic 
surveys. All deep oil and gas wells have studies by integrated well logging methods. 

History of the development of seismic work can share in the four main stages: 

1. 1952-1970: Oscilographic recording, and manual processing and interpretation of the seismic data. The 
works were carried out in lowland terrains. 

2. 1970 to 1978: Analog magnetic recording, multiple coverage profiling, and surveys were extended also 
in rugged terrain, with complicated geology. 

3. 1980 to 1990: Digital recording and processing of the seismic data, the widely used multiple coverage, 
and improvement data processing. 

4. After 1990 there were gradually declining to zero geophysical exploration works for oil and gas by 
Albanian geophysicists. Actually, performing of the seismic exploration there is realized by foreign 
companies. 

Gravity survey on the scale 1:100.000, and 1: 50,000 and 1:25.000 have covered the whole 
perspective territory for oil and gas bearing. 

In 1978 has restarted application of the vertical electric soundings with depth of investigation about 2.5 
km. The object for the electric soundings have been identification of the limestone structure top, and 
evaluation of the sandstone content in the Neogene molasses in onshore, and in the Albanian Adriatic 
shelf, etc. 

In the years 1978-1982 was successfully experimented direct exploration of the oil and gas reservoirs by 
integrates methods: natural electric field, magnetic and radiometric surveys. 

Albanian Well Logging Service has celebrated 80th anniversary. The systematic geophysical study of all 
oil and gas deep wells was begun in 1950, with electric logging, well deflection and factice diameter 
measurements. The temperatures were recorded in well with electric thermometers. Were performed first 
experimentation of the gamma logging, and gas logging. 

The main feature of the later period, the launch of sixty years, was the step to the full quantitative and 
qualitative interpretation of logging data, performance of the logging in the well, and determination of the 
physical properties of the terigjene productive horizons. 

Currently, unfortunately even this direction of the Geophysics is abolished, because there are stopped the 
drilling of the exploration and development deep wells by Albanian Oil and Gas Industry. There remained 
only a small nucleus in the oil industry, to study any of Albpetrol well. 

2 THE ROLE OF GEOPHYSICAL METHODS IN THE FRAMEWORK OF INTEGRATED 

EXPLORATION OF SOLID MINERALS 

Geophysical methods, used in the framework of integrated geological-geophysical-geochemical 
exploration, have an important role in search for solid minerals. The role of geophysical methods has 
depended on many factors such as the kind of mineral to be prospected, the stage of the search, and the 
kind of problems to be solved. 

Application of geophysical methods has been concentrated in two major directions: 

7. Direct search for many kinds of solid mineral deposits such as copper sulphide , polymetalic , and 
chrome ores . 
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The methodology of the geophysical exploration for copper ores deposits (from the 1930’s until today) 
and chrome resources (from 1958 until today) in Albania was developed in conformity with the 
geological tasks to be solved and the scientific-technical levels of the geophysical methods. 

Geophysical copper deposits search and development has high efficiency. The geophysical methods 
application has been depended by ore body depth of location, and kind of the mineralization type. 
Geoelectrical surveys have been main prospecting methods, through following evolution: 

- 1953-1960 discovery have been based on geophysical self-potential method and resistivity profiling for 
massive and shallow ore bodies, where redox phenomenon is developed. 

- 1973-1989- geophysical exploration was based on application of induced polarization, which was the 
main exploration method at the depth, and self- potential method and resistivity profiling for detalization 
and selection massive ore bodies from mineralization zones. 

During the phase of detailed exploration have been applied: the induced polarization method, EM 
profiling, the radio wave floodlighting method, mise a la mase method, the borehole vectorial magnetic 
surveys, the electrical and gamma-gamma logging. In 1978, usefully was started developing of the 
IP/Resistivity “Real Section”. 

In Albania was gained a good experience for the integrated geological-geophysical-geochemical 
exploration of chrome deposits and were set up integrated methods to be used in ground and 
underground surveys. The geophysical methods have an important contribution for discovery in series of 
chromite deposits. Only during 1989 year, in the ultrabasic massif of Bulqiza were projected 356 
boreholes to verify geophysical anomalies in 35 objects. From them, 145 boreholes have discovered 
mineralized horizons. 

The geophysical complex for direct chromite deposit search includes surface mapping by gravity, 
magnetic and IP methods. Underground geophysical surveys were carried out for the search surrounding 
space of the mine works and boreholes. In order to get the geophysical documentation of the boreholes, 
have been performed electrical and radiation (density/selective gamma-gamma and neutron activation) 
logging. 

For the search of chrome deposits, a further and continuous improvement is required to improve the 
coordination of the direct search for ore bodies with the geophysical methods used for geophysical- 
structural mapping and under-ground surveys. This is connected with the fact that petrophysical 
properties of the ore and those of surrounding rocks vary in a wide range, sometimes overlapping each 
other. All this factors have their influence on the effectiveness of the geophysical search for chrome ore 
bodies, which is lower than for copper ore bodies. 

Through the exploration activity we learned in practice that the ores and surrounding rocks are 
characterized by unique value of the physical properties. The inverse is not true, i.e. the same magnitude 
of a physical property or feature may be the same for several minerals and rocks. For example, good 
electrical conductors are not only massive sulphides but kaolin and clays as well. Therefore, a single 
geophysical method and one physical feature of the medium are not sufficient to solve the problem. To 
find the solution is necessary to know the complex of different physical properties. Consequently, 
exploration has been integrated, with complex of the geophysical methods. 

Perturbations caused by the topographic effect, variation of thickness and composition of the overburden 
beds, should be considered carefully to avoid false signals and spurious anomalies. To solve this problem, 
started from 1973 the application of mathematical methods and computer's data processing and 
interpretation. 

Heights year’s period was characterized by exploration of copper sulphide massive and disseminated ore 
deposits, which are located at the depth up to 700-800 m. The main exploration method has been induced 
polarization method, and underground surveys. The increase of the depth of investigation has been 
supported by mathematical modeling. 

These achievements were based on further methodological and organizational improvements organization 
of the geological-geophysical surveying in Albania. Complex geological-geophysical-geochemical teams 
for the search of copper deposits were created to carry out mappings at scale 1:5000 and detailed studies 
of anomalies at scale 1:2000. This was the key of success. The implementation of geophysical methods 
in search for mineral resources, in general, and for mineral ore bodies, in particular, has been based also 
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on methodological criteria: moving from known areas toward unknown, which made possible to 
discover the biggest copper fields in Albania, which consisted of 1 1 copper deposits, located at different 
topographic levels from surface down to depth of several hundred meters. 

In the mid eighty’s year’s period there have been solved also two other problems: 

• The discrimination of massive ore bodies in great depth, between mineralized zones. 

• The discrimination of anomalies composed by the superimposed of the effect from the sulphide 
ore bodies and from the nearby serpentines individualization. 

These complicated problems stand in front of search for all geophysicists of these days. To solve them we 
needed another improvement of the methodology of geophysical search, which started at the second half 
of the years eighty up to date. 

After 1990 year up to present, geophysical exploration of the copper and chrome deposits with the 
minimal field volumes there are realized by foreign companies, which actually are worked in Albania. 

2. Geophysical structural mapping in the complex with geological mapping in order to recognize the 
geological settings of perspective zones and ore control factors. The contribution of geophysical 
studies in the recognition of tectonic the zones and their relationship, is well known in Albania. 

The gravity and magnetic mapping at scales between 1:25.000-1:200.000. A particular attention has been 
paid to petrophysical studies as well. 


3. DEVELOPMENT OF THE GRAVITY AND MAGNETIC SURVEYS 

The development of magnetic and gravity surveys were performed in several directions: 

- Expanding the field of use of gravity and magnetic methods for solid ores deposits exploration, 
including copper, chromium, and iron - nickel, bauxites, asbestos, heavy mineral placers. 

- Study of magnetic properties and density of minerals and rocks. 

- Building of the magnetic and gravitational country networks of Albania and their connection to 
international ones. 

- The compilation of algorithms and standard software for processing and interpretation of magnetic and 
gravity data. 

- The major results present the Bouguer Anomalies of the Gravity Field and Magnetic Field of Albania 
Maps, at the scale 1:200.000. 

- Performing of the paleomagnetic studies in all Albanian territory, according to the bilateral projects 
Albania Austria, France, and Greece. 

4. RADIOMETRIC STUDIES AND EXPLORATIONS 

The first measurements of natural radioactivity in Albania, carried out in 1958-1959. Until 1990, 
radiometric studies and research have been secret. 

Ninety years brought opening of radiometric research. Radiometric researches have applied to solve many 
important problems, which have not the relations with the Uranium explorations: 

- Implementing radiometric gamma spectrometric determinations by radioactive elements U, Th, K, in the 
framework of an international project, and regional survey for Geochemical Atlas of Albania. 

- Regional radiometric studies according to the total gamma radiation parameter. Has been realized the 
study "Natural Radioactivity of Albania." 

Currently, radiometric studies are oriented to solving environmental problems. 

5. GEOTHERMAL STUDIES 

Results of the geothermal studies and researches have been presented in the monographs: “Geothermy of 
Albanides” (1990), “ Geothermal Atlas of Albania” (1995), “Atlas of Geothermal Resources in Albania” 
(, 1996, published 2004), “Geothermal Atlas of Europe” (1992) published by Geographisch- 
Kartographische Anstalt Gotha, Germany, and “Atlas of Geothermal Resources in Europe”, European 
Commission (2002). Monograph “Geothermal energy resources in Albania and platform for their use”, 
published by Faculty of Geology and Mining, Polytechnic University of Tirana, (2010). 

6. SEISMOLOGICAL STUDIES 
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Albania's seismological network was established in the period up to 1979, with fourteen stations in major 
cities of the country. During this period have been making Albanian seismological network part of the 
European and global network through the International Central Bureau of Seismology in Strasbourg, 
France. 

Among major seismological study was conducted “Seismic Zoning Map of Albania” (1972), “Catalog of 
Earthquakes in Albania” (1975), and “Seismological Zoning of Albania” (1979), published by Academy 
of Sciences of Albania. Eighties years were period when spread massively seismological studies for 
solving engineering problems, realizing complex seismological- engineering and geotechnical 
engineering micro zoning of leading cities of the country. 

Continued high levels of international cooperation on the problem of seismic risk the corner of the 
Balkans, in the event of the Assembly of European Council of Seismology, as well as in projects of 
UNESCO. Are conducted seven joint international projects and has collaborated on eight projects under 
the National Program for Research and Development for the publication of seismological, seismological- 
engineering, neotectonic and of the geological risks maps. 

7. FORMING OF THE GEOPHYSICIST ENGINEERS AND THEIR POST GRADUATE 
QUALIFICATION 

Has given great contribution in development of the geophysics in Albanian by Section of Geophysics in 
the Faculty of Geology and Mining, Polytechnic University of Tirana in both directions: engineers 
forming, their postgraduate qualification, and scientific research. 

Forming of geophysical engineers since 1961 and their postgraduate training was realized in the Branch 
of Geophysics, Section of Geophysics in Department of Earth Sciences, Faculty of Geology and Mining, 
Polytechnic University of Tirana. The period of study has been five years for engineers, taken 1-2 years 
(postgraduate school) and three years for doctoral studies. Current main course of applied geophysicist 
engineers have been exploration of the oil and gas reservoirs, other solid minerals deposits, 
hydrogeological research, engineering and environmental studies. During the period 1961-2008 are 
compiled and continuously improve the curriculum, they respond better to the requirements of time and 
level of scientific and technological research and geophysical studies and exploration. 

In the Framework of implementing the Bologna Protocol, is closed Branch of Geophysics. Under the new 
curricula, after the first three years of common cycle (Diploma Bachelor for Georesources and 
Geoinformatics), a geophysical option is in the second year of the Scientific Master degree. With this 
curricula, , as have been prepared in implementation of Bologna Protocol, results level landing of the 
scientific and professional formation of geophysical engineer. 

In the Geophysical Branch have been formed 303 of engineering geophysics, and are specialized in 
geophysics and were re-qualified as geophysicists many physicist. Since 1962, Geophysical Brach was 
also conducted postgraduate qualification of 48 doctors of sciences. 

7. Mining geophysics: Application of the new methods and technologies in Albania: 

• Induced polarization method (1962 up to present) 

•Micromagnetit surveys (1967) 

• IP & RD Real section (1978 up to present) 

• Increasing of depth of geophysical investigation (1984 up to present) 

2. Mathematical and physical modeling for geoeelectric, gravity and magnetic methods, and inversion in 
geophysics. Compilation of the algorithms and software’s for data processing and interpretation. 

3 . Extension of the application fields of geophysical methods for exploration of: chromite, asbestos, 
bauxites, heavy, rare and precious mineral placers, geotechnical and environment investigations, 
hydrogeological research, application of the natural electrical field for direct search of oil reservoirs.5. 
Marine geophysics (1974-1990): Design and construction of the marine geoelectrical station, marine 
vertical electrical sounding and profiling, and participation in performing of the marine integrated 
geological-geophysical studies of the Albanian Adriatic Shelf and design of deep wells for gas 
exploration in Durres Bay. 

6. Regional geophysical studies : Geothermal (1989 up to present), Palomagnetic (1989-1997). 
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8. Engineering and environmental geophysics (1982 up to present), Publication of the books: The 
Section of Geophysics has completed all courses with textbooks, published in the period 1963-upo to 
present: 19 books for Branch of Geophysics, 4 books for Geological Branch and 5 monographs. 

8. WHAT SHALL WE DO FURTHER - AS CONCLUSIONS 

Twenty last year’s represent the period of expansion in the field of application of geophysical methods to 
solve the geotechnical tasks: soil and bedrocks study in the construction areas, control of the dams and 
landslides, hydrogeological explorations, micro zoning of the main cities in Albania, the study and 
evaluation of geothermal energy, etc. in Albania. Actually are taken the first positive results, first 
experience, as well as problems of the beginning. 

Currently, the geophysical prospecting of oil and gas reservoirs, copper and chromium and other solid 
minerals deposits are suspended entirely by Albanian geophysical teams. Cessation of work and 
geophysical studies extremely serious consequences for future geological researches: The geological 
explorations remain free modern research methods, and turn to the thirty years of the last century level. 
With the termination of geophysical explorations, the teams were destroyed and lost a half century of 
their experience, well known also from prestigious institutions of advanced countries. 

Today, for Albanian petrol and mining industries are important to take the proper development and 
implementation of Applied Geophysics directions in accordance with the requirements of market 
economy, for oil & gas and solid minerals explorations, using modern methods and surveys technology. 
At the same time, it is necessary to begin implementation of new technologies for geophysical surveys of 
shallow depths for solving of the geotechnical tasks, environmental control, environmental impacts 
assessment, urban planning, water exploration, medical geophysics, archaeological sites searches, etc. 

In response to the demands of time and development directions of the geophysics in the last two decades, 
there were worked successfully for the creation of Engineering and Environmental Geophysics in 
Albania. Geophysical methods have been applied in many fields: In-situ seismic and geoelectric 
topographies’ for dams investigation, the slope stability evaluation and landslides study, soil and bedrocks 
study in construction and dam areas, of highways, tunnels, etc., for karst areas exploration, quality 
assessment of the concrete during construction works, and in the airport runway, water exploration, for 
study of the urban and industrial landfills, also for the assessment of the environmental 
impacts. Engineering and environmental studies are performed by the same methods, technologies, and 
equipments that are used for search of minerals. So, at the present, the geophysical and environmental 
engineering investigations are used the technology and equipment eighties years period, with exceptions 
when were working in the framework of European project. Albanian geophysical teams are necessary to 
obtain modern equipment to solve these new geological tasks, presented by today the market economy in 
Albania. In particular, this situation is very serious for the study of construction areas, of roads, the 
investigation of the hydrotechnic constructions like dams, the evaluation of the slope stability and 
landslides, the assessment of geological hazards, water exploration, etc. 

For the forming of the yang geophysical engineers, currently the problem is the preparation and 
implementation of curricula and programs in accordance with the requirements of the Bologna Protocol, 
and actual scientific and technologic level of the geophysical methods. Future geophysicists should be 
able to realize the oil & gas, and solid minerals exploration because Albania is riche country with natural 
resources, in parallel is necessary to be able to solve also the engineering and environmental problems, 
applied surveys with modern technology and digital processing of data. 
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a,. — a ■ Seismic Zoning Map of Albania” 

„ Zoning of Albania” 

m J6§fe Jiierfod when spread massively seismological 
Mdg^g^eering problems, realizing complex 
je g^g^fg^Fi n g and geotechnical engineering micro 
^^^^_^Seadirrg:oities of.the country. Continued high levels of 
^ j^^P^Sp^^Goop^ration on-the problem of seismic risk the corner of 
r^IRs-^aJ k^Rs , ifrthe.event of the Assembly of European Council of 
Seismology, as well as in projects of UNESCO. 
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• -Are-x;onducted seven joint international projects and has collaborated 
orf eight projects under the National Program for Research and 
DevelopmenTfor the publication of major seismological maps, _ 2g- 
seismo-engineering, neotectonic and the geological risks maps. 
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Graduated Geophysical Engineers 



1 4 7 10 13 16 19 22 25 28 31 34 37 40 43 46 


lffflhe;Geophysical Branch have been formed 304 of engineer 
geophysics^ were specialized in geophysics many physicists. 

Since 1962, Geophysical Brach has also conducted postgraduate 
qualification of-48 doctors ofisciences.r!F^EI*gi3H|^B^M 
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U -L 37 VJ _L"Z. wwu aic ompiled and continuously 
riculum, they respond better to the 
t#ni?and level of sdenfip: andfechnoio^cal 
^^physical s^eRes and exploration. 


^jgsg3^~ork;cfp implementing the Bologna Protocol, is' 
bed' Brfn#LDf -geophysics. ®nder the new curricula, after 
3felfeftTlfee; years of common cycle (Diploma Bachelor^for 
^^dcpsburces or Geoinformatics), a geophysical option is in 
S^he^econd year of the second two yeas cycle (Scientific 
Mastfer'sdegree)^ With this curricula, results level 
lahdjjng of the scientific and professional formation of 
geophysical engineer. 
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,i method (1962 up to present) 
i/eys (1967) 
cBon XI 978 opto 'present) 

ftjiT'geoMysical investigation (198# up to present) 
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iBwci ticfticaT and physical modeling for geoelectric, gravity and magnetic 
^meth^t^ihd inversion in geophysics. Compilation of the algorithms and 
-sP^TaTe’s-fordata. processing and interpretation. 


3£Extension of the application fields of geophysical methods for exploration 
of|cferomite, asbestos, bauxites, heavy, rare and precious mineral placers)* 
■ geotechnical and environment investigations, hydrogeological research pi- 
application of the natural electrical field for direct search of oil reservoirs. 
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fyslbal studies: Geothermal (1989 up to present)! 
cuO (1989-1997). 


/ 


ffiysicalwefl logging and over normal pressure studies 
irrgering and environmental geophysics (1982 up to present), 


9^ubBpatibn of the books: The Section of Geophysics has completed all 
courses with textbooks, published in the period 1963-up to present: 19 
books for Branch of Geophysics, 4 books for Geological Branch and 5 ~ 
monographs. 


What shall we do further - as conclusions 
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ictric tomographies for dams investigation, 
evaluation and landslides study, 

rdeks'sttMy'fri construcfiofi and dam slies^of flghways, 
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^exploration 

flg^ifeessraebt of the concrete during construction works, andnn 

fcpo^fewiy^' 

.|F95A^er*expioration,£ r 
I F^stUdy of the~urban and industrial landfills, 

^assessment of the environmental impacts. 


Actually are fakefi the first positive results, first experience, as well as problems 
of ttte beginning* 
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explorations remain without the modern researci methods, and 
turn to tl 
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lation OPp^ophysical explorations; the teams will be 
^fpStS'rv haf? century of their : expenei%ce| well knowlj> 
gStigibus Institutions of advanced countries. 


Today, in Albania is important that, in addition to traditional 
explorations and geological-geophysical studies, based on scientific 
platform to take the proper development and implementation of 
Applied Geophysics directions in accordance with the requirements of 
market economy, for oil & gas and solid minerals explorations, as well 
as for solving engineering and environment tasks, using modern 
methods and surveys technology. 




For the development of engineering and environmental studies are 
used the same methods, technologies, and equipments that are used 
for search of minerals. So, at the present, with exceptions when were 
working in the framework of European project. Albanian geophysical 
teams is necessary to obtain modern equipment to solve these new 
geological tasks, presented by today the market economy in Albania. 
In particular, this situation is very serious for the study of 
l construction areas, of roads, the investigation of the hydrotechnic 
^constructions like dams, the evaluation of the slope stability and 
landslides, the assessment of geological hazards, etc.. 

"for the forming of the yang geophysicist engineers, currently the 
problem is re-opened of the Geophysical Branch, and the preparation 
and implementation of curricula and programs in accordance with the 
requirements of the Bologna Protocol and today technological level of 
the geophysical methods. Future geophysicists should be able to 
realized the oil & gas, and solid minerals exploration, in parallel is 
necessary to be able to solve also the engineering and environmental 
problems, applied surveys with modern technology and digital 
processing of data. 
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lYiiimaiscipiinary appro acn 

Air/ gas emission quality monitoring 

Contamumtion chemistry, fluid dynamics, gas 
radiometiT/eimnome tiy 

Noise/ vibrations monitoring, induced 
quakes control 

Seismic momtoring, seismic signal processing 

Geological mapping in urban areas 

Sophisticated geophysical methods ..remote sensing., geological 
mapping 

Forensic/ criminologic investigations 

Sophisticated geophysical methods, medical/ engineering 
ultrasonic investigations, toxicology 

Lithological and geological structure, depth 
to bedrock or groundwater level 

Geotechnics, Sophisticated geophysical methods 

Cavities, caverns, mining shafts, soil sinking 

Soplns treated geophysical methods, civil engineering, 
archaeology, history 

Soil/ rocks physical characteristics 

Geology, geophysics, hydrogeology, hydrogeochemistry 

Roads /bridges, railways, tunnels, channels, 
pipelines and cables detection and quality 

Geophysics, geotechnics, hydrogeochemistry, microbiology, 
toxicology 

Groundwater distribution, quality and 
management 

Hydrogeology, hydrogeochemistry, toxicology, microbiology, 
fluid transport modeling, regulations in domain of ecology 

Groundwater contamination 

Sopliisticated geophysical methods, chemistry, fluid flow 
modeling, regulations in domain of ecology 

Leakage from landfills 

Toxicology, medical statistics, geochemistry, geophysics 

LNAPL transport detection and monitoring 

Geophysics, civil engineering, toxicology 

Public health: geochemical, factors, medical 
factors 

Volcanology, seismology, matematical modeling, Sopliisticated 
geophysical methods, civil engineering, geography — GIS, fluid 
dynamics 

Safe disposal of toxic waste 

Stratigraphy, paleobiology, volcanology, matematical modeling, 
fluid dynamics, geophysics, geography — GIS, atmosphere 
physics 

Landslides, volcanic eruptions, earthquake 
forecasting, amelioration 


Sea level variations, global heating, 
catastrophic floods 
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MORFOMETRIC CLASIFFICATION AND 
HYDROMORPHOLOGICAL DEVELOPMENT OF THE 
ALBANIAN ADRIATIC SEA COASTAL AREA 
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Association of Albanian Inland and Coastal Waters Protection , Tirana 
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Results of integrated hydrographical studies and offshore 
and onshore geological-geophysical surveys in Albanian 
Adriatic Littoral are presented in this paper. 

According to: 

the evaluation of the discharge regime in Albanian rivers system and 
its impact on the hydromorphology of Adriatic Sea, 

the river bed deformation, migration and new river mouths 
investigations, 

seismic and geoelectrical marine and onshore surveys, 

geological onshore mapping and underwater offshore sampling, 

boreholes and oil and gas depth wells, 

geodesic and bathymetric mapping 

have been classified the segments which have different 
geomorphology with in mainland and in marine area of Albanian 
Adriatic Shelf. 




•1. Albanian Sedimentary Basin; 2- Periadriatic Depression; 3- Ionian tectonic zone; 4- Kruja 
(Gavrovo-Dalmatic-Montenegro) tectonic zone; 5- Apulia platform, Paksos zone 
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Adriatic coastal line from southern city 
up to Shengjini Bay, in the north, have 

- The marine accumulation flattened 

littoral, 

- The marine erosion coast, and 

- The submerged areas, where 

is observed marine ingression towa 

In some areas there is cliffed coastline 


1 Accumulative coastline; 2- Erosion coastline; 3- Submerged littoral zone; 4- Shoal shelf area with sand deposits; 
5- Flat shelf area with sandy-silt deposits; 6- Inclined shelf area with muddy silt and deposits; 7- Continental 
slope with argillaceous sediments; 8- Isobaths; 9-Western flank of the South Adriatic Sedimentary Basin. 




Flatte 



f Western Albania 



Adriatic coastline is lies over the Neogene 
Peri-Adriatic Depression, covered by 
Quaternary deposits, in western plain 
areas of Albania. 

Flattened accumulative coast is general 
characteristic of this coastline. 

There are also some hilly marine caps with cliffed coast. 

The caps are located in the sectors where the Neogene structure 
of the Peri-Adriatic Depression are abrupt by coastline and 
continues in the Adriatic Sea, 

There are also old river deltas or mouths and submarine coastal 
bar. 


Adriatic coastline is divided in different characteristics 
zones: 




una River at the north 
coastline. 

This unit has a length about 
60 km and consists for almost 
90% of beaches fed by fluvial 
imputes. The remaining 10% 
is clifts. Four rivers outflow 
within this area: from north to 
south Buna, Drini, Mati and 
Ishmi rivers All together they 
discharge on average 


Discharge of the solid material by Mati 
River in Drini Bay, Albanian Adriatic 
Coastline. 


796 m 3 /sec of water. The total solid load of the last three 
rivers is about 21 ,680x1 10 3 tons/year. 

Intensive change dynamics were observed in this area. 
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eomorphologicai tvoiutr 
viewotthe Drini -DurresTBays 
coastline in the Albanian 
Adriatic Littoral 

This littoral is characterized by 
presence of the different Quaternary 
deposits genetic types. 

Marine Quaternary littoral deposits, 
presented by fine, medium, and 
Coarse gray — white, gray-yellow sand, 
silty clay and mud interbeds. 

Present days micro and macrofauna 
of seawaters comes across 
everywhere. 

Very beautiful sandy beaches 

are extended in Drini, Lalezi, bays. 1- Active reverse fault & thrust; 2- Dextral strike-slip; 

3- Sinistral strike-slip; 4- Old Mati River bed; 

5- Wetlands; 6- Erosion and marine ingression; 7- Lagoon extension; 8- Coastal deposition; 9- Lagoon surface 

Himiniohinn ( hlantantnnino anti\/a ra\/area fai ilto 2. thri iota /attar A liai Qh at a! Ofl/lfl) 


Erzeni 

Mouth 


Pal la 
4 Cape 


Etrseni 

River 


_ 5 




Patoku beach in the southern side of the Shengjini Bay 
represent submerged areas within accumulative coastline. 
Submerged process is caused by the neotectonics activity, 
consequently there are observed a marine transgression. 



The same phenomena is observed also in Semani beach at 
central segment of the Albanian Adriatic Littoral. 


Patoku submerged Beach 


Semani submerged Beach 


Mouths in the Albanian Adriatic Littoral. (Geologic Map of Albania, at scale 1 :200.000, 
1983, the neotectonics active reverse faults & thrusts after 


Aliaj Sh. et al. 2000). 

1- Alluvium Quaternary Deposits; 2- Marine Quaternary deposits; 3- Boggy Quaternary 
Deposits; 4- Pliocene Rogozhina conglomerate suite; 5- Pliocene Helmesi suite; 

6- Neotectonics active reverse fault & thrust; 7- Coastal erosion; 8- Accumulative area; 9- 
Submerged littoral area; 10- Marine Electrical Sounding center. 
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loni Cap, Durresi Bay up to 
Shkumbin River mouth coastline. 


Cape Palles, Cape Selites, Lalezi Bay, Durresi 
Bay and Shkumbini River mouth are main sectors 
of this littoral area. Lalezi Bay has a length of 
coastal line of 32 km, and 65% consists of sandy 
beaches fed by the sediment load of Erzeni River. 
The remaining 35% consists of rocky cliffs. 

Durresi Bay has a length of 35 km from Palles 
Cap to the Selites Cap. Main part of the bay 
littoral, about the 54% of their length, by sandy 
beaches is presented. Frequently, with dune 
ridges, vegetate by pine trees, there are 
extended. Sediment inputs in to the bay are 
provided by Dargi River and from beach and cliff 
erosion. 


Accumulative Coastline in Durres. 


Heavy and rare mineral placers in 
acummulative coastline, Lalezi 
Bay. 





of Quaternary Deposits- 


rresi Bay. 


•The maximal thickness of the Marine 
Quaternary deposits is observed at the 
central part of the marine bays, 
according to the marine electrical 
soundings and mapping boreholes 
data. 


•In the Durresi Bay. The maximal 
thickness is 48m at the central zone of 
the bay, about 6 km south of the 
Durresi city 


1 .Boundary of distribution of sand-argillaceous sediments; 2- Contours of the Quaternary deposits thickness; 


3- Marine mapping boreholes; 4- Marine electrical sounding centers. 



esi-Palle Cape area is one most typical 
erosive segment of the Albanian Adriatic 
littoral. Durres-Kepi Palles coastline is 
extended along the western flank of the 
Miocene-Pliocene molasses anticline. 

The sea-floor sandy belt, of 2.5 km width, 
which lies parallel to the coastline in the shoal 
zone. According to the integrated marine 
geological-geoelectrical surveys there are 
observed, submarine Miocene-Pliocene eroded 
bedrock banks 


Correlative Schema of Apparent Resistivity according 
to the Marine Electrical Profiling, offshore erosive 
littoral at Durresi-Kepi Palles area. 


Correlation S-ciiomg of Apparent ttoslatMty 
AcMsnhng la ESuctn-njI Profiling 
Dvrras-, Kupi Palles- nfs-harc irat 
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1- Geoelectrical boundary; 2- Tectonic fault according to the geoelectrical data; 3- 
Electrical sounding curve; 4- Apparent resistivity profile, according to the electrical 
profiling with array A500M20N, C— >°°; 5- Digits in the line show the electrical resistivity 
values od the rocks; 6- Seismic reflector. 


kumbin-Seman-Vjosa rivers mouths up to Zverneci 

hills coastline 

Is located in southern part of Central Albania, and have 40 km length. It 
expands in the western part of Ardenica and Divjaka hills. Karavasta Bay and 
Karavasta Lagoon are also part of this littoral area. From the geological 
viewpoint, this territory represents a new soil, constituted at the end of 
Pliocene and during Quaternary. The coastline in this region has a very 
intensive dynamics. 

Present time shore sand knolls have a length up to 4-5 km, width 35-80 m 
and some meters highs. At the northern bays, the coarse sand is 
predominated. This sand belt are composed 

by two or three parallel onshore dunes: 

the first dune is extended directly at the water 

line, the second at the distance 90-100 m and 

the third dune 150-200 m. 

Photo: Sandy burried dunnes in Semani acummulative 
coastline 







There are observed the re-activation of the 
disjunctive tectonics at the littoral area Seman 
beach - Karavasta Lagoon -Shkumbini River 
mouth, in the both flanks of the Semani 
asymmetric anticline structure the disjunctive 
tectonics, with small amplitudes of 200-400m, 
are re-activated. 


l.Active reverse fault & thrust; 2- Dextral strike-slip; 3- Sinistral strike-slip; 4- Old Shkumbini River bed; 5- Coastal deposition with 
predecessor erosion; 6- Coastal deposition; 7- Coastal erosion; 8- Submerged littoral area. Neotectonics active reverse faults & 
thrusts (after Aliaj Sh. etal. 2000). 




According to the marine electrical resistivity tomography, performed by marine electrical 
soundings, the morphology of the marine Quaternary loose deposits has a horizontal 
layering at the western side of the Semani beach. In south and east northern sides of 
the geoelectrical line is observed reversed fault impact. 

Consequently, the Semani sandy beach, which is located at western side of this 
fault, in the submerged process, is found, from 4 km of south of the Semani River 
Mouth up to Semani Beach area, in the about 10 km long segment . 




Vlora Bav 

Is represented southeastern edge 
of Otranto Strait. 

The Upper Cretaceous- Triassic 
limestone mountains are encircled 
southwestern and southeastern 
shores of the bay. In the north, 


the mountain chain is continued with Neogene’s deposits hills. 
Limestone coast of the Adriatic Sea in Vlora Bay is generally abrupt. 
At the northwestern direction of the Vlora City, there is a coastline of 
the Albanian Adriatic Shelf. Configuration the Vlora Bay has started to 
form from the Pliocene age, when the molasses of the Panaja Hills 
have been outcropped at surface. 

Actually, Later Quaternary Marine deposits (Q 4 m ) are created the 
present Vlora Bay. Offshore these deposits (Q 4 m ), according to the 
marine electrical soundings and boreholes, have 190 m thick. 



Vlora Bay has a length of 36 km and 1 0 km 
width. 

The maximal depth of this bay is 57 m. The 
coastline of Vlora Bay-Vjosa River Mouth area 
has continuously modified its configuration by 
sedimentation of alluvium transported by Vjosa 
River water and the swell of the Adriatic Sea. 

The coastal area is characterized by 
prevalence of winds blowing from the NW 
direction with a maximal speed 35-45 m/sec. 

The tidal range in this part of Adriatic 
Sea is low, reaching a maximum of 30-50 cm. 

The wave action is characterized by calm in 
35% of the cases, by wave with a higher of less 
than 0.5 m in 20% of cases and waves higher 
than 2.00 m in 3% of cases. 


1- Marine shoal with sand deposits; 2- Littoral with sand beaches; 3- Rocky coastline; 4- Alluvium flow; 5- Marine 
current direction; 6- Accumulation area; 7- Erosion area; 8- Southern edge of the sediment replacement; 

9- Active reverse fault & thrust; 10- Sand; 11- Old Vjosa River bed; 12- Filling coastline; 13- Erosion coastline. 
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A correlation between geological setting Adriatic Albanian 


Shelf and sea 

Two Albanian Oceanographic Expedition have presented data, which have argument 
that the total discharge of the Albanian rivers system in the Adriatic and Ionian Seas 
have a minimal discharge is 700-800 m 3 /s during the hydrological dry years of low 
precipitation and maximal values 1900-2200 m 3 /s during the hydrological wet years of 
high precipitation. 


The oceanographically situation of the wet 
years 1963-1964 has been characterized by 
formation of “The Bridge” of low salt content 
and density, and higher temperatures of the 
seawaters in the Adriatic Sea. A higher 
surface water temperature in the Drini Bay is 
confirmed also by satellite observations, with 
a higher temperature of 3-4°C. 


1 . Adriatic Deep Water Mass; 2. Eastern Adriaric Superficial Water mass; 
2. 3. Intermediate Levantine Water mass; 4. Northern Adriatic Water mass. 



Adriatic Sea, wet hydrographical year 1963 Adriatic Sea, wet hydrographical 

year 1963. 

. The "Bridge”, includes surface water layer, and the Levant Intermediate Water (LIW) 
up to 600 m. depth. This phenomenon has a complex and an important influence on 
many dynamics aspects of the formation Adriatic Deep Water (ADW), and the 
monitoring mechanism of water into Otranto Street. 




i ms “Bridge” is correlated with the heat flow density anomaly at the sea bottom 
(Geothermal Atlas of Europe, 1992). The “Bridge” direction is corresponds also with the 
prolongation into Adriatic Sea Albanian Shelf of well-known Scutary-Pec regional 
tectonic transversal over the Albanides, which is outcropped in Albanian mainland, with a 
SW dextral strike-slip direction. 




I 



Adriatic Sea Surface Temperature, restore 
from satellite data 19.08.2005 (Sputnik 
SST, 1999 SMIS IKI RAN, Moscow) 
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round surface history after geothermal inversion and meteorological data 
were observed a climate worming for about 1°C during the first half of XX 
century. Thirty quart of this century has been characterized by a cooling for 
0.6°C. Later, up to present a worming for 1 ,2oC is observed. The warming 
period in Albania is accompanied with changes of the rainfall regime, wind 
speed and wetness. There are observed a decreasing of the total year 
rainfall quantity, for about 200-400 mm. This warming is part of the global 
Earth warming during the second half of XX century. These climate changes 
have their impact on country water system, on and water resources, and in 
the erosion processes . 

Inland water resources change has its impact on the hydrographic 
regime in Albania. 

These climate changes have their impact on country water system: 

- on and water resources, 

- on the erosion processes, and 

- on the hydrographic regime of the Adriatic Sea. 


Albanian littoral has two major units: accumulative Adriatic 
coastline and erosive Ionian seaside. 

Albanian Adriatic coastline has an intensive change and 
continuously modifying its shape. 

Submerged process, caused by neotectonic activity, is observed 
in some sectors within accumulative Adriatic coastline. 

The climate at coastal plane region of Western of Albania has a 
warming of 0.6 K occurred, from last quarter of 19 th until 
present-day. These climate changes have their impact on 
country water system, on and water resources, on the erosion 
processes, and on the hydrographic regime of the Adriatic Sea. 

The oceanographically situation in the Adriatic Sea is 
characterized by the formation of "The bridge" with continental 
water in the Adriatic Sea. "The bridge" is closely linked with the 
intensity of the Albanian rivers flow to the sea. 
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THERMAL AND MINERAL WATERS OF ALBANIA AND THE PLATFORM FOR 
THEIR INTEGRATED AND CASCADE USE 

Romeo Eftimi*, Alfred Frasheri 


1. Summary 

Based on geological conditions, as well as on the hydrochemical and thermal characteristics, four 
provinces of thermomineral waters are has been distinguished in Albania. In the paper, for each 
province are described geological-structural, thermal and hydrochemical characteristics. Most 
important province in terms of the thermomineral underground water resources results Kruja 
province, very reach on high temperature H 2 S groundwater. The platform for the integrated and 
cascade use of these thermomineral waters represent an important part of the study. 

.2 Introduction 

In Albania the presence of some high mountain chains and of active fault systems favors the rise of 
deep waters that discharge at the surface as thermomineral springs. Some important thermomineral 
springs are widely used for their excellent curative properties like those of well known spa of 
Peshkopia, Llixha Elbasan and Leskoviku. The results of some deep wells confirm, also the presence 
of important thermomineral water resources particularly in the Adriatic basin. Some good chemical 
analyses has been performed for the most important thermomineral springs, while for deep wells only 
some general chemical analyses have been performed during the oil prospecting. The goal of this 
paper is to summaries all the existing data and to estimate the thermomineral groundwater, as part of 
deep regional groundwater flow system and thermal springs as their discharge features. 

3. Geological setting of the Albanides 

The Albanides represent the assemblage of the geological structures in the territory of Albania, as a 
part of southern branch of the Mediterranean Alpine Belt. Two major peleogeographic domains 
consists the Albanides: the Internal, and the External Albanides (Fig. 1). The earth crust is 
characterized by a system of longitudinal fractures in NW - SE direction and transversal faults that 
touch even the mantle. The thickness of Albanian sedimentary basin is 8-9 km in Adriatic seashore 
and reaches up to 15 km in northwestern regions of Albania. 

The tectonic zones of the Internal Albanides extending in eastern part of Albania are: 1. Korabi Zone , 
which continues in Golia Zone in Dinarides and Pelagonian Zone in Hellenides, is represented 
generally by terrigene and metamorphic limestone of Paleozoic ages. 2. Mirdita Zone continues as 
Serbian Zone in Dinarides and Subpelagonian Zone in Hellenides. The lower tectonic unit of Mirdita 
Zone is presented by the overthrusted ophiolitic belt thickness 2-14 km. In Mirdita zone lies also 
Korga-Librazhd and Burreli depressions, filled by the Neogene molasses. 3. Gashi Zone continues as 
the Durmitori Zone of the Dinarides. The representative formations there are metamorphic terrigene, 
limestone, and volcanic rocks. 

The tectonic zones of the External Albanides extending in western part of Albania are: 1 .Alps Zone is 
analogue to High Karst in Dinarides and Pamas Zone in Hellenides. The lower part of this zone 
consists of Permian sandstone and the conglomerate while the upper part of the zone consists mainly 
of Mesozoic limestone forming some monoclines, combined with smaller anticlines. 2. Krasta-Cukali 
Zone continues in Budva Zone of the Dinarides and Pindos Zone in Hellenides. Krasta subzone 
consist a narrow belt filled with flysch formations and represents an intermediately zone between the 
Internal and External Albanides. 3. Kruja Zone continues with Dalmate Zone in Dinarides and in the 
south by Gavrova Zone of the Hellenides. Generally, the Cretaceous-Eocene limestone and Paleogene 
flysch formation, covered by Neogene formations are representative rock of this zone. 4. Ionian Zone 
continues beyond borders in Greece at south-western part of Albania. The Permian-Triassic 
evaporates, the oldest rocks of this zone, are covered by thick deposits of Mesozoic-Paleogene 
limestone. Carbonate formations are covered by Paleogenic flysch and of Neogene deposits. They 
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form three anticline belts often cut by longitudinal tectonic faults in western structures flanks. 5. 
Sazani zone is the continuation of Apulian platform. A thick Cretaceous-Eocene limestone and 
dolomite section, trangressively covered by marly deposits of Burdigalian builds this zone. 6. 
Preadriatic Depression covers the Ionian, Sazani and partly Kruja tectonic zones. This depression is 
filled with middle Miocene and Pliocene molasses, which are mainly covered by Quaternary deposits. 
Molasses consist of a sandy-clay mega-sequence. The Depression plunge to north-west, to Adriatic 
Sea and the molasses thickness increases up to 5000 m. Sandstone-clay deposits of Serravalian are 
placed trangressively over the oldest ones, up to the limestone, creating a two-stages structure. 
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Fig. 1: Geothermal resources of Albania 


Fig. 2: Geothermal Kozani-8 deep well 


4. Mineral water basins 

Although Albania is a small country, his regional hydrogeological picture is very heterogeneous. The 
complex geological-structural and geomorphologic conditions of Albania have resulted in aquifer’s 
heterogeneity concerning their resources, hydrodynamics and hydro-chemical characteristics (Eftimi 
2010). The thermal and mineral waters of Albania are located in four thermo-mineral provinces: a) 
Peshkopi province; b) Kruja province; c) Preadriatic basin province, and d) South Ionian province. 

Peshkopi province represents the central part of Korab zone which is characterized by the presence of 
two tectonic windows where gypsum dome structures outcrop. Two important sulfur thermo-mineral 
springs known as Peshkopia spa, appear at south western tectonic contact of gypsum with surrounding 
Paleogene flysch formations (Table 1). The formation of the springs is related to the deep fault 
developed along the Black Drin River. The thermal waters are of sulfate-calcium type, the 
temperature varies about 35° C to 43.5° C and the upward flow of the springs is about 13 1/s. 
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Kruja province is most interesting in terms of th^i^ggnineral waters in Albania. In the northern part of 
this province is developed the Tirana artesian basin hosting two deep aquifers containing thermo- 
mineral waters: a) the aquifer of Mesozoic-Paleogene carbonate rocks related to some deep anticline 
structures, and b) the aquifer of Neogene molasses rocks. Many deep oil wells have tapped the aquifer 
of carbonate rocks, but among them the most important is Ishmi-l/b. The water temperature is 60° C, 
the water chemical type is Cl-Na and the H S gas content is more than 1000 mg/1 (Table 1). The 
aquifer of molasses contains mediocre water quantities with the temperature usually lower than 30° C. 
Kruja province hosts some big thermomineral springs like Uji Bardhe-Mamuras, Llixha and Hidraj 
near Elbasan, Holta, Langarica and Leskoviku. Only the Uji Bardhe spring, which temperature is 
about 22.5° C, is of Cl-Na type; the other above mentioned springs and wells have temperatures 
varying from 24.0° C to 58.0° C and the waters are characterized by the high content of S0 4 ion and 
H 2 S (Table 1). A particular geothermal phenomenon is the Postenan steam spring issuing from a 
tectonic fault crossing the Postenan limestone structure. Some deep thermo-mineral water wells, like 
deep well Kozan-8 free flowing about 10.3 1/s with a temperature 65.5°C (Fig. 2) are located in 
province, also. The groundwater of Kruja province are widely used for their excellent curative 
properties, particularly those of well known Llixha and Hidraj spars, as well as Loskoviku spring. 
Identified resources of Kruja geothermal province in carbonate reservoirs are 5.9xl0 8 -5.1xl0 9 GJ. 

Preadriatic basin province hydrogeologicaly represent an artesian basin. In this basin three aquifers 
are identified: a) the deep aquifer of carbonate rocks; b) the intermediate aquifer of sandstone 
Neogene molasses, and c) the upper aquifer of Pliocene sandstone-conglomerate formations. The 
evidences about the groundwater of the deep carbonate rocks aquifer confirm the presence of high 
temperature and high mineralized of Cl-Na type groundwater. Some oil wells have free flowed high 
temperature and high mineralized water from Neogene molasses aquifer. Particularly important are 
the free flowing thermomineral water from the deep wells of Ardenica and Seman structures. The 
groundwater temperature at surface of Ardenica structure is about 32° C; the total mineralization 
varies about 38-55 g/1, and the chemical type is Cl-Na. In the groundwater of Seman structure these 
components are accordingly 67-83° C, about 20 g/1 and the chemical type is also Cl-Na. The 
thermomineral waters of Adriatic basin province are rich also in CH 4 gas. 

South Ionian province is the widest geothermal province of Albania, but not the richest. This province 
consists of some carbonate anticline, and some syncline chains filled mainly with flysch formations, 
dipping to the north-west under the Preadriatic basin. In this province is not known the presence of 
thermomineral springs. From the carbonate rocks, only big fresh water spring issue. Some deep wells 
have free flowing high temperature and highly mineralized groundwater. The well Grekan-4, situated 
near the Dumre gypsum dome, at the depth about 1200 m fountain the groundwater with temperature 
35° C, mineralization about 325 g/1, and brome content of about 768 mg/1; the last parameters being 
the highest measured in the groundwater of Albania. Some deep wells drilled in Delvina syncline, in 
South Albania, have fountain also high mineralized groundwater of Cl-Na type. 

Thermal springs and deep wells in Albania 


Table 1 


Spring (s) or well 
(w) 

Province 

Discharge 

1/s 

Temperature 

°C 

Mineralization 

g/i 

h 2 s 

mg/1 

Br 

mg/1 

j 

mg/l 

Chemical type 

Llixha, Peshkopi - s 

Peshkopi 

23 

35-43.5 

3. 5-4.0 

50 

2.1 

0.6 

S0 4 -Ca 

Uji Bardhe - s 

Kruja 

20-100 

18.5-22.5 

5. 0-6.0 

350 

- 

- 

Cl-Na 

Llixha, Elbasan - s 

Kruja 

28 

46-58 

6.8 

408 

5.5 

1.1 

Cl-S0 4 -Na-Ca 

Holta - s 

Kruja 

50-70 

24.1 

2.2 

? 

? 

? 

S0 4 -Mg-Ca 

Langarica - s 

Kruja 

70-150 

24-30 

1 .2-1.6 

2. 0-5. 8 

- 

- 

Cl-Na-Ca 

Leskoviku - s 

Kruja 

15 

25.6-26.7 

1.0 

2. 2-7.0 

- 

- 

Cl-Na-Ca 

Ishmi-1 - w 

Kruja 

3.5 

57 

12.6 

1220 

- 

- 

Cl-Na 

Kozan-8 - w 

Kruja 

10.3 

65.5 

4.1 

? 

- 

- 

Cl-S0 4 -Ca-Na 

Ardenica 12 -w 

Adriatic basin 

18.0 

32.0 

53.6 

? 

109.7 

21.2 

Cl-Na 

Seman-7 - w 

Adriatic basin 

30.0 

67.0 

20.7 

? 

25.0 

30.0 

Cl-Na 
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5. Geothermal regime 
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Earth crust setting of the Albanides conditioned the space distribution of the geothermal field and 
energy. (Frasheri et al. 2004). The gradient values vary from 15-21.3 mK/m in Preadriatic Depression. 
According to the modeling results, deeper than 20 km are observed decreasing gradient. The change 
of the gradient coincides with the top of the crystal basement. In the ophiolitic belt, the geothermal 
gradient reaches a value up to 36 mK/m. The maximal value of the Heat Flow Density is 42 mW/m 2 
in the External Albanides. At the eastern part of Albania, the heat flow density values are up to 60 
mW/m 2 . Increasing of the heat flow over the ophiolitic belt, are linked with heat flow from granites of 
the crystal basement. There are some heat flow anomalies, which are conditioned by intensive heat 
transmitting through deep faults. These fractures are conditioned location of the geothermal energy 
sources. According to the geothermometers, the aquifer estimated temperatures vary 220 to 270°C. 
Based on the geothermal modeling, one can suppose that thermal waters rise from 8-12 km deep, 
where temperature attains to 220°C. The temperature at a depth of 100m ranges 6.7 to 18.8°C, in 
average 16.4°C and at a depth of 500m from 21 to 27.7°C. The temperature ranges up to 105. 8°C at a 
depth of 6000m (Frasheri A. et al. 2004). 


6. Platform for integrated and cascade use of the mineral and thermal waters 

The geothermal situation in Albania offers three directions for the exploitation of geothermal energy 
(Frasheri A: & Kodheli N. 2010): Firstly, the integrated uses of the heat flow of shallow geological 
section for space heating/cooling; Secondly, thermal sources of low enthalpy in a wide territory of 
Albania represent the basis for a successful complex and cascade use of their energy, achieving an 
economical effectiveness: a) modern SPA-Wellness for recreation and treatment of different diseases, 
with thermal pools, for development of eco-tourism; b) the hot water for space heating, for sanitary 
water, greenhouses and aquaculture installations; c) extract very useful chemical microelements as 
iodine, bromine, chlorine etc., other natural salts, and H 2 S and C0 2 gases, as well as for bottling of 
mineral waters. Thirdly, the use of deep doublet abandoned oil and gas wells and single wells for 
geothermal energy, in the form of a “Vertical Earth Heat Probe”. Near of these wells can be build 
greenhouses. 

7. Conclusions 

In Albania four provinces of thermomineral waters are distinguished. Based on the chemical data, the 
thermomineral waters could be classified into three most relevant types. The S0 4 -Ca type, reach in 
H 2 S gas occurs in the areas of gypsum deposits, the mixed Cl-S0 4 -Na-Ca gas types reach in H 2 S 
occurs in limestone sediments underlined by gypsum deposits of Kruja and Ionian provinces. The Na- 
C1 type reach in CH 4 gas underground waters are related to molasses sediments of Adriatic basin 
province. The highest measured temperature of thermomineral water of Albania is 83° C, but the 
temperature calculated by the geothermometers results more than 200° C. 

The resources of geothermal energy of low enthalpy of Albania could be integrated and cascade direct 
use as an alternative energy. Resources of the geothermal energy in Albania are: high temperature 
springs (temperature up to 65.5° C), as well as shallow groundwater and bedrocks, with have an 
average temperature about 16.0° C, and depth Earth Heat Flow. Installation of the space-heating 
system, using shallow borehole-heat exchanger-Geothermal Heat Pumps systems present the most 
important direction of the use of geothermal energy. 
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SISTEMET MODERNE TE NGROHJES DHE FRESKIMIT TE GODINAVE 

ME ENERGJINE GJEOTERMALE. 
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1. Nxehtesia e tokes eshte energji alternative, miqesore me mjedisin, 
qe duhet shfrytezuar edhe ne Shqiperi 

Shfrytezimi i energjive te rinovueshme eshte prirja e sotme ne 
vendet e perparuara te botes, per disa aresye: se pari per te plotesuar 
kerkesat energjetike qe nuk plotesohen nga resurset energjetike te 
lendeve djegese dhe se dyti, jane energji miqesore per mjedisin. Gjate 
shfrytezimit te energjive te rinovueshme nuk glirohen gazra qe krijojne 
efektin sere dhe nuk kane impakte negativete medha mbi mjedisin, madje 
shpesh here ndikojne per permiresimin e ekosistemeve. 

Prandaj eshte e kuptueshme qe zhvillimet energjetike bashkohore 
karakterizohen sot, ne shtetet e perparuara te Komunitetit Evropian, ne 
SHBA, ne Japoni etj., nga shfrytezimi gjithenje e me shume e energjive te 
rinovueshme si e ujit, e Diellit, e eres, gjeotermale dhe e biomases. Toka 
eshte nje planet i nxehte. Llava e vullkaneve dhe ujerat e nxehta te shume 
burimeve jane deshmimtaret me te mire te nxehtesise se Tokes ne 
thellesi. Shfrytezimi i drejtperdrejte i energjise gjeotermale ze nje vend te 
rendesishem ne bilancin energjetik pas energjise hidrike. Energjia 
gjeotermale eshte energji alternative, miqesore me mjedisin, me efekte 
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shiytezimi integral dhe kaskade. Ajo shfrytezohet edhe drejtperse drejti ne 
shume fusha te veprimtarise jetesore dhe ekonomike. Ne nivel boteror, ne 
vitin 2005 kapaciteti i instaluar dhe energjia gjeotermale e shfrytezuar 
drejtperdrejte, ka patur kete strukture (Lund J., World Geothermal 
Congress 2005): 


Perdorimi 

Kapaciteti i 
instaluar 
ne MWt 

Energjia e 
perdorur 
ne TJ / vit 

Pompa gjeotermale nxehtesie 
per ngrohje dhe freskim te 
godinave 

15,723 

86,673 

Banja termale 

4,911 

75,289 

Ngrohje godinave 

4,158 

52,868 

Sera 

1,348 

19,607 

Akuakulture 

616 

l-,969 

Perdorime industriale 

489 

11,068 

Gatim 

338 

1,885 

Tharje produktesh bujqesore 

157 

2,013 

Te tjera 

86 

1,045 

TOTAL 

27,825 

261,418 


Potenciali real i energjise gjeotermale mund dhe duhet te 
shfrytezohet per qellime ekonomike edhe ne Shqiperi. 

Albanidet, qe perfaqesojne strukturat gjeologjike ne territorin 
shqiptar, kane fluks gjeotermal te afte per tu vene ne shfrytezim. Ne 
Shqiperi ka edhe shume burime dhe puse te ujrave termale, te energjise 
gjeotermike te entalpise se ulet. Ne Shqiperi ka edhe shume burime dhe 
puse, te cilet japin ujera me temperature deri 65.5 °C dhe me debite deri 
15 1/sek. Keto jane burim i energjise se rinovueshme, qe duhet te filloje te 
shfrytezohet ne Shqiperi. 

Per te filluar shfrytezimin e kesaj energjie ne Shqiperi, duhet: 

Se pari te sensibilizohet opinioni publik, administrata publike dhe 
investitoret shqiptare per efektivitetin e saj. 

Se dyti, aktualisht ne Shqiperi ekzistojne studime gjeotermike, 
hidrogjeologjike, hidrokimike dhe biologjike te ujerave termale, si edhe 
studime mjekesore. Fakulteti i Gjeologjise dhe i Minierave, Universiteti 


? 
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Politeknik i Tiranes, botoi ne muajin tetor 2004 “ATLASI I BURIMEVE TE 
ENERGJISE GJEOTERMALE NE SHQIPERI”, ne kuadrin e Programit 
Kombetar per Kerkim e Zhvillim “Pasurite Natyrore”, 2003-2005. 

Ne Atlas argumentohet se strukturat gjeologjike te Shqiperise jane 
bartese te rezervave te medha te energjise gjeotermale te entalpise se ulet 
(Fig. 1, 2). Mbeshtetur ne kapacitetet e energjise gjeotermale ne Shqiperi, 
si edhe ne pervojen boterore te shfrytezimit te kesaj energjie me teknologji 
moderne dhe me efektivitet ekonomik te larte, terheqim vemendjen e 
komunitetit te biznesit shqiptar se ka mundesi te krijoje bisnese te reja 
fitim prurese ne disa drejtime: 

1. Shfrytezimi integral dhe kaskade i nxehtesise se ujerave 
gjeotermale. Ky shfrytezim i ujerave termale te burimeve ose te 
puseve lehtesohet nga fakti se ato pergjithesisht ndodhen ne zona te 
zhvilluara nga ana urbane ne Shqiperi. Deri tani vetem disa ujera te 
burimeve termale, si ato te Lixhave ne Elbasan, Ne Bilaj te Fushe 
Krujes, te Peshkopise etj shfrytezohen vetem per kurimin e 
semundjeve te ndryshme. Por ky shfrytezim i kesaj energjie ne 
menyre primitive, si koncept dhe si mundesi zhvillimi. Keto ujera 
mund te shfrytezohen me efektivitet te larte ekonimik per: 

2 . 

a) Ekoturizmin gjeotermal. Mjafton te permendim se ne Itali, 
qendrat komplekse gjeotermale i vizitojne rreth 2.5 milion 
turiste/vit. Mund te ndertohen hotele me pishina me uje te ngrohte, 
me sauna, me salla e fusha sportive, me lokale argetimi, etj. 

b) Klinika mjekesore moderne, per te terhequr edhe paciente te 
huaj, qe duan te shfrytezojne vetite e rralla kuruese te shume ujerave 
termave te vendit tone. 

c) Ngrohjen e serave dhe zhvillimin e akuaultures (rritje rasati te 
peshve dekorative dhe te rralle, si edhe te algave me te cilat prodhohen 
pomadat me te shtrenjta per shume semundje dhe kozmetike. 

d) Nxjerrje e kriperave dhe e mikroelementeve te dobishem. 
ejlndustrializim i ujerave minerale te vecante. 


T, 
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Foto 1. Llixhat e Elbasanit 



Foto 2. Pusi gjeotermal Kozani-8 
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Foto 3. Burimet gjetemale te Benjes, Permet 



Foto 4. Perroi i Banjes, Peshkopi 
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2. Ngrohja dhe freskimi i banesave me sistemin moderne pus- 
kembyes vertikal nxehtesie-pompe gjeotermale rvcehtesie (BHEGHP). 
Rendom, kur behet fjale per energjine gjeotermale, njerezit nenkuptojne 
vetem ujerat e ngrohta te burimeve. Kjo eshte nje pjese e te vertetes. Por 
keto ujera jane zakonisht te rralle dhe te paket. Ajo qe ka kudo dhe ne 
sasi te medha eshte nxehtesia e shtresave te tokes qe nga pjeset 
pranesiperfaqesore e deri ne thellesi te medha. Kesisoj, burimi kryesor i 
energjise gjeotermale eshte nxehtesia e ketyre shtresave. Ky duhet te jete 
drejtimi kryesor i perdorimit te energjise gjeotermale eshte shfrytezimi i 
nxehtesise se shtresave te Tokes Keto sisteme, per te njejten kapacitet 
ngrohes ose freskues, duke shfrytezuar energjine gjeotermale, 
konsumojne mesatarisht mbi 3 here me pak energji elektrike, ne 
krahasim me kondicioneret me pompa nxehtesie ajer-ajer, qe perdoren 
sot ne vendin tone, ose ngrohja me keto sisteme eshte mbi kater here me 
te lire sesa ngrohja me kaldaje me nafte. 

Kriza energjetike e vendit, kerkesa gjithnje e ne rritje te energjise 
per ngrohjen dhe freskimin e banesave, qe ne vitin 1999 zinte 23.8% te 
totalit te energjise elektrike te prodhuar ne vend dhe sot eshte akoma me 
teper, si edhe shkuarja qofte edhe gradualisht drejt zbatimit te normave 
europiane per ngrohjen e banesave, per te lene mprapa ngrohjen vetem te 
nje dhome nga shqipetaret ne shekujt e varferise se tyre, na nxiten te 
mendojme per te kontribuar ne zgjidhjen e ketij problemi. Qeshtja behet 
akoma me problemore me perdorimin e naftes e gazit per ngrohje, te cilat 
veg te tjerash emetojne ne atmosfere sasi te medha gazi CO 2 . 
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Kurba e vazhdueshmerise vjetore te ngarkeses elektrike pa 
ngrohje me ngrohjen per vitin 1999 (Energjia elektrike totale e 
furnizuar 5775 GWh), (Agencia Kombetare e Energjise). 
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Ngrohja e godinave publike dhe shtepive te banimit, si edhe 
serave me anen e nxehtesise se shtresave pranesiperfaqesore te 
tokes eshte nje nga drejtimet aktuale qe po perjeton nje bum te 
madh ne vendet e Evropes dhe ne SH.B.A., Kanada, Japoni etj. 

Per kete qellim, perdoret Sistemi Kembyes Nxehtesie-Pus (KNP)- 
Pompe Gjeotermale Nxehtesie (PGjN), i cili shfytezon burimet vendore te 
energjise, sip eshte nxehtesia e shtresave pranesiperfaqesore, per 
ngrohjen e banesave. 

Burime nxehtesije mund te jene: 

a) Shtresat pranesiperfaqesore deri ne thellesine 100-150 m. 

b) Uji nentokesor, i ngrohur nga nxehtesia e shtresave. 

c) Uji i liqeneve dhe i deteve 

Nxehtesia nga shtresat e tokes merret me anen e kembyesve te 
nxehtesise, te disa tipave. Nje kembyes vertikal i nxehtesise (Fig. 3), 
koaksial ose ne forme U-je, instalohet ne shpime 30-150 m te thelle. 
Fluidi qe qarkullon neper kete kembyes nxjerr nxehtesine nga shtresat e 
Tokes. Keto sisteme kembyesish nxehtesie emertohen me qark te 
mbyllur. Ne Shqiperi, ku keto shtresa kane temperature 5-20°C ne 
kembyes mund te qarkulloje uje, sepse nuk ka rrezik ngrirje te tij. 
Kembyes te shumfishte, te instaluar ne bateri pushesh perdoren per te 
ngrohur godina te medha ose blok godinash publike (Fig. 4).. 



Fig. 3. Kembyes vertikal nxehtesie ne pus 100 m te thelle. 
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Typcol Geothermal Hooting & Cooing System 



Fig. 4. Bateri pusesh per kembyesit vertikal te nxehtesise. 


Ne zona ku perreth godines ka toke, mund te perdoret kembyes 
nxehtesie i vendosur horizontalisht, ne transhe 1-2- 1.8m te thelle (Fig. 5), 
i cili mund te kete forma nga me te ndryshmet. Natyrisht, efektiviteti i 
ketyre kembyesve te nxehtesise, sepse ne to ka ndikim te madh ndryshimi 
i klimes. 



Horizontal Loop System 

Fig. 5 Kembyes horizontal nxehtesie i thjeshte 
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Kur shfrytezohet nxehtesia e ujerave nentokesore ose e liqeneve e 
deteve, sistemet emertohen me qark te hapur (Fig. 6). Nga nentoka ose 
rezervuari merret uji, i cili dergohet drejt perse drejti ne pompen e 
nxehtesise uje-uje. Kur merret uji i detit, per te evituar korrozionin, uji i 
detit futet ne nje kembyes nxehtesie. Pasi kalon ne pompen e nxehtesise 
ose ne kembyesin e nxehtesise uji i detit, ai injektohet perseri ne shtresat 
nentokesore, ose rikthehet ne rezervuarin e uiit. 



Surface Water System 


Fig. 6. Sistemi me qark te hapur: a) Pus- Pompe gjeotermale nxehtesie; b) 
Liqen-Pompe gjeotermale nxehtesie per ngrohjen e banesave dhe te 
serave.c) Konstruksion i pusit (b). 
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Aktualisht keto jane sistemet me moderne, me efektivitetin 
ekonomik me te larte dhe konsumin me te vogel te energjise 
elektrike, me teknologji me te perparuar miqesore me mjedisin dhe 
po behen gjithenje e me shume me popullore. 

Ne 26 shtete ne Europe dhe ne SHBA, sipas te dhenave jo te plota 
per vitin 2005 jane montuar 900 mije instalime BHE-HP, me fuqi 12 kW 
sejcila, per ngrohjen dhe freskimin e shtepive-vila, por ka edhe mijera 
instalime me fuqi deri 500-1500 kW per ngrohjen e institucioneve dhe te 
blloqeve te banesave komunale (Ryback L. et al. World Geothermal 
Congress 2005). Kapaciteti i instaluar eshte 15 723 MWt dhe energjia e 
shfrytezuar 86 673 TJ/vit (24 200 GWh). Ne Gjermani aktualisht ka mbi 
40 mije instalime. Ne vitin 2005 jane instaluar 6799 pompa gjeotermale 
nxehtesie dhe vetem 1526 kondicionere me pompa ajer-ajer. Shembull 
tipik eshte edhe Zvicra, ku ka 25 000 instalime, me fuqi te pompes nga 
19-40 kW, te cilet shfrytezojne nxehtesine e shtresave pranesiperfaqesore 
te tokes me temperature 10°C. Ne Austri ka 23 000 instalime, ne Suedi 
200 000, ne Danimarke 43 000, ne France 40 000, ne USA 600 000 
instalime etj (Curtis R. et al. 2005). 


Vendi 

Fuqia e instaluar 
MWt 

Energjia e dhene 
GWh/vit 

Numbri i instalimeve 

Sh.B.A. 

6,300 

6,300 

600,000 

Suedi 

2,000 

8,000 

200,000 

Gjermani 

560 

840 

40,000 

Kanada 

435 

300 

36,000 

Zvicer 

440 

660 

25,000 

Austri 

275 

370 

23,000 


2. Tabloja e energjise gjeotermale te shtreseva prane siperfaqesore ne 
Shqiperi. 

Ashtu si kudo, edhe ne Shqiperi shtresat pranesiperfaqesore te 
Tokes kane nxehtesi. Nga analiza e gjendjes se regjimit gjeotermal te kesaj 
prerjeje gjeologjike, rezulton se kjo prerje gjeologjike ka energji 
gjeotermale e niveleve te tilla qe lejon te shfrytezohet nxehtesia e tyre per 
te ngrohur godinat (Frasheri A. 2004, Frasheri A. etj. 2004, 2003). Kjo energji 
mund te shfrytezohet me sukses per ngrohjen e godinave publike (zyra, 
spitale, bibioteka, shkolla, teatro e kinema, godina aeroporti etj) si edhe 
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blloqe banesash e vila per banim, duke shfrytezuar sistemet moderne te 
ngrohjes Kembyes Nxehtesie-Pus-Pompe Gjeotermale Nxehtesie. 

Sasia e nxehtesise, temperatura ne siperfaqen e Tokes dhe gradienti 
gjeotermal i prerjes gjeologjike praen siperfaqesore kondicionohen nga 
kushtet e vendndodhjes gjeografike, kushtet gjeomorfologjike (pjeresia e 
siperfaqes se Tokes dhe pozicioni i saj ne raport me Diellin), litologjia e 
truallit dhe e shkembinjve rrenjesore, nxehtesia specifike dhe lageshtia, 
stina dhe moti. Sipas vrojtimeve gjeomorfologjike shumevjeccare rezulton 
se mesatarisht 140.000 kalori/cm 2 nxehtesi merr trualli nga rrezatimi 
diellor gjate veres ne trevat fushore ne Shqiperi. Sasia e nxehtesise arrin 
ne 120.000 kalori/cm 2 ne rajonet veri-lindore malore (Gjoka L., 1990). 

Shperndarja e fushes termale ne territorin shqiptar, ne pajtim me 
vlerat e gradientit gjeotermal, ne ne pjesen e siperme pranesiperfaqesore 
te prerjes gjeolgjike tregon se temperatura ne thellesine 100m ka vlera si 
meposhte vijon (Fig. 7) (Frasheri A. etj. 2004): 

Temperatura ne zonen bregdetare: 

Minimale 16.6°C 
Maksimale 18,8°C 
Mesatare 17.8 °C 

Temperatura ne zonen perendimore fushore-kodrinore: 

Minimale 17.15°C 
Maksimale 18,4 1°C 
Mesatare 18.0 °C 

Temperatura ne zonat kodrinore-malore: 

Minimale 6.7°C 
Maksimale 18,6°C 
Mesatare 14.7 °C 

Ne fushen e Tiranes (Rinas), temperatura eshte 15.5°C nga thellesia 20 
deri 35m, ne depozitimet kuaternare (Fig. 8) (Frasheri A. etj. 2004). Sicc 
duket nga termograma e pusit ne Rinas, nga siperfaqja e Tokes e deri ne 
thellesine 20 m, me kete zone, temperatura e depozitimeve ndryshon ne 
varesi te stine dhe percaktohet nga nxehtesia qe Toka merr nga Dielli. Ne 
dimer, temperaturat jane me te ulta, edhe ne kete pjese te prerjes 
gjeologjike. Ne thellesi me te medah, temperatura e depozitrimeve dhe e 
shkembinjve nuk varet nga stinet dhe percakjtohet nga gradienti 
gjeotermal normasl i zones; per rastin e rinasit 15.5°C. Konstatohen 
ndryshime anesore te temperatures deri ne 0.5°C edhe ne distanca deri 
500m, ne te njejten kohe. Keto ndryshime anesore jane kondicionuar nga 
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litologjia e depozitimeve kuaternare. Eshte vrojtuar se ne rajonet malore 
te vendit, thellesia e temperatures qe percaktohet nga rrezatimi diellor 
arrin deri ne 50. 



Fig. 7 
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10 15 20 25 30 35 



Fig. 8 Termograma e pusit ne fushen e Tiranes (Rinas) 

Nxehtesia e shtresave prane siperfaqesore te Tokes kane ngrohur 
edhe ujerat e rezervuareve nentokesore. Ne trevat fushore ne perendim te 
Shqiperise, ujerat nentokesore kane keto temperatura: 

Temperatura e ujit e shtresave zhavorore te kuaternarit eshte 14-15 °C, 
Temperatura e ujit e shtresave ranore te kuaternarit eshte 15-16 °C, 

Per rrjedhoje ujinentokesor mund te sherbeje si burim nxehtesie per 
pompat gjeotermale. 
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3. Vleresime ekonomike per skemen ngrohese Pus-Kembyes vertikal 

nxehtesie-Pompe gjeotermale nxehtesie 

Nga te dhenat e literatures rezulton se kosto e investimit per sistemet e 
ngrohjes gjeotermale luhaten 34-216 Euro/m 2 te siperfaqes se godines. 
Kosto me e ulet eshte ne rastet kur si burim nxehtesie sherben uji 
nentokesor, per marrjen e te cilit kerkohet te shpohet pus i ceket, ne te 
cilin mund te behet edhe ri-injektimi i ujit perseri ne shtrese pasi kalon 
neper pompen gjeotermale. Kosto maksimale del kur burim nxehtesie jane 
shtresat pranesiperfaqesore dhe pVr tV nxjerre nxehtesine kerkohet te 
shp;ohen puse deri 100m te thelle per te vendosur kembyesin vertikal te 
nmxehtesise. E krahasuar kjo kosto me ate te sistemeve me kaldaje, 
rezulton se ajo eshte rreth 135.7% me e madhe. 

Sistemet kembyes nxehtesie-Pus-Pompe Gjeotermale Nxehtesie 
(KN-P-PGjN) kane marre kete zhvillim megjithese kane kosto 
ndertimi 30-40 % me te larte se kosto e sistemeve ngrohese 
konvencionale me boiler nafte. Ka disa arsye per kete: 

1) Konsiderata ekonomike. Aktualisht, kosto e instalimit te KN-P- 
PGjN eshte me e madhe sesa e instalimeve konvencionale me 
karburant. Megjithe kete kosto vjetore e “karburantit” te sistemit 
KN-P-PGjN (energjia elektrike per pompen termike dhe pompen e 
qarkullimit) jane ne menyre te konsiderueshme shume me te ulta 
sesa karburanti i nje ngrohesi konvencional me nafte ose gas. Per 
koeficient performance KP = 3.5, kursehet deri 71% e energjise 
elektrike. Keshtu, koha e kthimit te shpenzimeve te KNP eshte 
me e shkurter se koha e punes se vete sistemit ngrohes. 

2) Konsiderata mjedisore. KNP-pompe termike eshte nje sistem 
mjedisor i paster qe nuk emeton gaze CO 2 (“efekti sere”), keshtu 
qe evitohet per pronarin e shtepise pagesa e takses per emisionin 
e gazeve CO 2 , e cila eshte ne diskutim ne vendet e Komunitetit 
Europian. 

3) Mbeshtetje qeveritare. Per instalimin e sistemit KN-P-PGjN, 
qeveria japoneze jep nje investim prej 200 USD per gdo kWe te 
Pompes gjeotermale te Nxehtesise, duke patur nje limit te siperm 
5 200 USD. 
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Per nje vleresim te plote po paraqesim disa preventive, me qellim qe 
te analizohen dy probleme: kosto e instalimit te sistemit dhe shpenzimet 
per energjine elektrike ose per konsumin e naftes te sistemeve te 
ndryshme ngrohese, sipas gmimeve aktuale ne Shqiperi. 


Godina: Hotel 

Siperfaqja e pergjitheshme e 3 kateve: 
Ngrohja: me kalorifere (radiatore) 
Kapaciteti per ngrohje 
Periudha e ngrohjes 

Sistemi ngrohes, analizohen tre variante: 

a) Pus-pompe gjeotermale nxehtesie 

b) Kaldaje me nafte 

c) Kondicionere 


610 m 2 

68.5 KW 
1 170 ore/vit 


Kosto e pergjitheshme paraprake e instalimit: 

a) Pus-pompe gjeotermale nxehtesie 43.000 Euro 

b) Pus-kemb. Vert, nxehtesie-pompe gjeo. nxeht. 68.461 Euro 

c) Kaldaje me nafte 27.000 Euro 

d) Kondicionere, tip “General” 15.600 Euro 


Kosto paraprake e instalimit per meter katror te siperfaqes: 

e) Pus-pompe gjeotermale nxehtesie 71,66 Euro/ m 2 

f) Pus-kemb. Vert, nxehtesie-pompe gjeo. nxeht. 112,63 Euro/m 2 

g) Kaldaje me nafte 44,26 Euro/m 2 

h) Kondicionere ajer-ajer, tip “General” 26,00 Euro/m 2 


Kosto paraprake vjetore operative e konsumit te energjise elektrike ose 
lendes djegese grjate 1170 oreve, per te vene ne pune sistemin ngrohes: 


a) Pus-pompe gjeotermale nxehtesie 33.304 kW 

i) Pus-kem. V. nxeh.-pom. gjeo. nxe. 33.304 kW 

b) Kaldaje me nafte 2.282 Lit. naft. 

c) Kondicionere 93.636 kW 

d) Radiatore elektrike 137.700 kW 


3.384 Euro 
3.384 Euro 
11.982 Euro 
9.515 Euro 
13.993 Euro 


Kosto paraprake totale vjetore per energjine ngrohese: 

- Euro/KW Viti pare 

a) Pus-pompe gjeotermale nxehtesie 677,14 

b) Pus-kem. V. nxeht. -pompe gjeo. nxehtesie 1.048,83 

c) Kaldaje me nafte 569,08 

d) Kondicionere 366,79 


Viti dyte 
49,40 
174,93 
138,91 
204,28 
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- Euro/m 2 


a) 

Pus-pompe gjeotermale nxehtesie 

76,04 

5,55 

b) 

Pus-kem. V. nxeht.-pompe gj. Nxehtesie 

. 117.78 

5.55 

c) 

Kaldaje me nafte 

63,90 

19,64 

d) 

Kondicionere 

41,19 

15,60 


Ne flgurat 9, 10 paraqiten grafiket e kostos per konsumin e energjise 
elektrike ose te naftes, si edhe koston e pergjitheshme te instalimit dhe te 
konsumit te lendes se pare gjate dhjete vjeteve te punes se instalimeve me 
sisteme te ndryshme ngrohjeje. Duket qarte se p eriudha e vetshlyerjes se 
investimeve per sistemin “pus-pompe gjeotermale nxeht&sie” eshte: 

* 1 vit. Ajo mbulohet vetem me shpenzimet qe do te beheshin per naften e 
kaldajes 

* 5 vjet. Ajo mbulohet vetem me shpenzimet qe do te beheshin per energjine 
elektrike te kondicionereve. 


Kosto kumulative vjetore e ngrohjes 



Fig. 9. 
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Euro/vit 


Kosto vjetore operative e konsumit te energjise elektrike 
ose te lendes djegese per te vene ne pune sistemin 
ngrohes per periudhen 1836 ore 



Fig. 10 


Euro/m2 

25 -r 



P.PGjN Kaldaje Kondic. Radiat. 
me nafte A - A Elektr. 
Sistemet ngrohese 


11. Kosto specifike vjetore 
e ngrohjes me sisteme te 
ndryshme 
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Nga vleresimet e bera rezulton se kosto njesi e instalimit luhatet 70-184 
Euro/m 2 , si edhe 630-2120 Euro/kW, ne varesi te burimeve te 

nxehtvsise. Kosto me e larte eshte per rastet e ndertimit te kembyesve 
vertikale te nxehtesise ne puse. Kosto me e ulet eshte kur si burim 
nxehtesie eshte uji nentokesor dhe kerkohet pus i ceket per te marre ujin 
dhe per ta injektuar pasi kalon neper pompen gjeotermale te nxehtesise. 
Sig duket nga paqyra e me sipereme, kosto per instalimin e sistemit 

gjeotermal eshte me e larte sesa kur ndertohen sisteme ngrohese me 

kaldaje ose edhe me kondicionere ajer-ajer ne masen 2-2.8 here, por kjy 
shpenzim shlyhet per disa vjet (2-5 vjet) nga kursimi i shpenzimeve per 

konsumin e naftes opse te energjise elektrike. Ne figuren jepet 

grafiku i kostos ne leke per nje njesi (kW) te ngrohjes. Duket qarte se 
sistemi gjeotermal ka koston me te vogel se te gjitha sistemet e te tjerave. 
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ABSTRACT 

The paper presents a detailed analyse of the use of shallow ground heat resources in Albania, for direct use of 
geothermal energy for space heating/cooling of buildings and greenhouses, and an economical feasibility study results. 

The energy requests in Albania, the increased demand in premises, the gradual implementation of European standards 
of space heating, represent all decisive factors raising the awareness in order to contribute in finding optimal solutions 
to actual energetic situation. The electric energy consummation for space heating is 1 375 GWh/year, or 23.8 % of the 
total electric energy production in Albania. The situation becomes more problematic because the use of fossil fuels for 
heating emits large quantities of C0 2 in the atmosphere. 

Both two shallow geothermal sources can be used for Borehole- Heat Exchanger-Geothermal Heat Pump system, which 
represents a modern system for space heating and cooling in Albania: Ground heat through use of the ground-couplet 
(closed loop), and underground water system (open loop). The Heat Flow Density has a value of 42-60 mWm" 1 2 in 
territory of Albania. At the depth 100m the temperatures reaches from 16°C up to 18.8° at plain areas in Albania, and 
6.70 °C up to 18.6 °C at hilly-mountains regions. Water temperature of the Quaternary sandstone layers is 15-16°C. 

In Albania actually working first four installations, using water- water thermal pumps. Payback period for the installed 
cost of open loop system is 2,2 years, and for closed loop system reaches 4,9 years. Installed cost can be covered only 
by expenses savings for boiler fuel. 


Keywords: Geothermal energy, space heating, geothermal heat pumps, direct use, heat flow,. 


1. INTRODUCTION 

Large numbers of geothermal energy of high and low 
enthalpy resources, a lot of mineral water sources 
represent the base for successfully application of 
modem technologies in Albania, to achieve economic 
effectively. There are many thermal springs and wells. 
Their water has temperatures that reach values of up to 


65.5°C. 

At present, the thermal waters of some springs and 
wells are used only for health purposes. 

The geothermal situation of low enthalpy in Albania 
offers three directions for the exploitation of 
geothermal energy (Frasheri et al. 2003): 

Firstly, space heating and cooling 
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Secondly, integrated and cascade use of 
geothermal waters energy 

Thirdly, greenhouses and aquaculture 
installations. 

Direct use of the environmental friendly geothermal 
energy must be realized by integrated scheme of 
geothermal energy-heat pumps and solar energy, and 
cascade use of this energy. 

The most important direction is space heating and 
cooling. The Earth Heat can be use for space heating 
and cooling by modern systems Borehole Heat 
Exchanger-Geothermal Heat Pumps. 

In the paper is presented a detailed analyse of the 
shallow ground heat resources in Albania, in 
particularly in Korga city, and ways for direct use of 
this energy concretely for heating in Albania. 

2. PRESENTATION OF THE PROBLEM 

The energy crisis prevailing in the Albania, the 
increased demand in energy for heating and cooling of 
premises, the gradual implementation of European 
standards of premises’ heating, are all decisive factors 
raising the awareness in order to contribute in finding 
optimal solutions to this critical situation. Actually, 
the electric energy consummation for heating is 1 375 
GWh/year, or 23.8 % of the total electric energy 
production in Albania (Fig. 1) (National Agency of 
Energy, Tirana, 2003). The situation becomes more 
problematic because the use of natural gas for heating 
emits large quantities of C0 2 in the atmosphere. 

In the developed countries such as the Member States 
of the European Union, in the United States, Japan etc., 
particular attention is given to the use of renewable 
energies, among them the geothermal energy (Lund. 
J.W., et al. 2005, Rybach L., et al, 2005). The Earth’s 
heat is a great source of energy, renewable and friendly 
to the environment. Direct use of the ground heat by 
Borehole heat Exchanger-Geothermal Heat Pump 
represents a modern system for space heating and 
cooling (Lund J.W., et al. 2005, Rybach L., et al. 
2000, 2004). 

Alike elsewhere in the world, in Albania the subsurface 
ground layers contain heat. This energy can be 
successfully exploited in heating the public premises 
(offices, hospitals, libraries, theatres, airports etc.) as 
well as private premises (houses and apartment 
buildings), using the modern systems of Borehole-Heat 
Exchanger-Geothermal Heat Pumps. 

Two types of shallow heat sources exist: ground heat 
and underground waters heat. Consequently two kind 
of technology is possible to applied: 

Firstly, ground-source and Borehole heat Exchanger- 
Geothermal Heat Pump or ground-couplet (closed 
loop), 

Secondly: underground water system - Geothermal 
Heat Pump (open loop). 


MW 



hours 

Fig. 1. Yearly electric energy consumption without and 
with space heating, for 1999 y. (National Agency of 
Energy). 

Ground coupling is used where insufficient well water 
is available or where quality of the well water is a 
problem. Multiple Heat Exchangers are installed in 
large public premises. 

Actually, in Albania have set up only first four 
installations of geothermal heat pumps systems. In 
order to develop direct use of this renewable 
geothermal energy and environmental friendly ground 
heat for space heating and cooling in Albania, we have 
introduced the idea of building a demonstrative 
installation for heating and cooling purposes of the 
important public building in Tirana and in other 
Albanian cities, ex. University Campus, Hospital, 
Secondary School, etc. (Frasheri et al. 2003, Frasheri 
A. 2008, Frasheri A. et. al. 2008). It will be of great 
professional satisfaction if this proposal will find 
application. It will contribute in solving the 
problematic issue of heating and cooling of premises in 
Albania. 

The implementation of this project contributes in 
raising the awareness of the public administration, of 
the business and scientific communities, to make use of 
this economically optimal solution for heating and 
cooling of premises. The public administration should 
introduce the necessary tools and incentives for 
enabling the entering into the market of such modern 
and environmentally friendly systems. The business 
community should have in consideration and invest in 
installation of these Borehole-Heat Exchanger- 
Geothermal Heat Pumps, making way for new 
businesses. The universities should teach about these 
modem systems and insists on their applicability. 

3. A WORLDWIDE EXPERIENCE 

In 26 European countries and United States there are 
installed 570 000 installations BHE-HP, with a power 
of 12 KW each, for heating and cooling of houses, but 
also there are thousands installations with a power of 
up to 500-1500 KW for heating of institutions and of 
apartment buildings (Lund J. W., et al. 2005, Rybach 
L., et al. 2005). In Germany there are 50 000 
installations. Switzerland is a typical example with 21 
000 installations, with a pump power from 19-40 KW, 
which exploits the heat of nearsurface earth layers with 
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a temperature of lOoC. In Switzerland, in 1980 the 
production of geothermal energy by these systems was 
70 GWh, in 1999 it is increased up to 365 GWh. Japan 
(Japan Times, Jan. 21, 2003), using the geothermal 
energy of subsurface ground layers saves up to 40% of 
the total energy. The expenses necessary to carry out 
this project will be paid within 10 years. Two thirds of 
the building costs, valued up to 10 million yen for the 
government and local authorities support each 
installation. 

Ground-couplet systems have been used in Northern 
Europe for many years. Actually, these modern 
systems in use, highly effective and with low consume 
of electric energy, technologically advanced and 
environmental friendly, are gaining huge popularity 
(Rybach L. et al, 2000). 

Borehole-Heat Exchanger-Geothermal Heat Pump 
systems are developed even though has a construction 
cost 30-40 % higher than the conventional heating by 
gas. There are several reasons for this: 

Economical considerations. Actually, the cost of 
installing the Borehole-Heat Exchanger-Geothermal 
Heat Pump is higher than the conventional fuel 
installations. Nonetheless, the annual cost of “fuel” of 
the Borehole-Heat Exchanger-Geothermal Heat Pump 
(Electric energy for the heat pump and circulating 
pump) are considerably lower than the fuel of the 
conventional heating by gas. For the coefficient of 
performance 3 , is saved up to 66% of the electrical 
energy . Consequently, the payback of the Borehole- 
Heat Exchanger-Geothermal Heat Pump system is 
shorter than the durability of using the other heating 
system. 

Environmental considerations. Borehole-Heat 
Exchanger-Geothermal Heat Pump is an environmental 
system that does not emits C02 (“greenhouse effect”), 
therefore the proprietor avoid paying the tax on 
emittance of C02 gas, which is under discussion in the 
countries of the European Community. 

Governmental support. The Japanese government has 
invested 200 USD for every kW of the Pump of 
Geothermal Energy, with an upper limit of 5 200 USD. 

4 . GROUND GEOTHERMAL ENERGY 
RESOURCES IN ALBANIAHeat quantity, 
temperature at Earth surface, and geothermal gradient 
in shallow geological section, are conditioned by 
geographical location, geomorphological conditions 
(Earth surface dip and position in relation by Sun), 
ground and bedrocks lithology, specific heat and 
humidity, season and weather. According to the multy 
annual meteorological surveys result that in average is 
140,000 calory. cm" 2 heat from solar radiation of the 
ground during the summer at the plane areas of the 
Albania. Heat quantity reaches 120,000 calory. cm' 2 at 
northeaster mountains regions [Gjoka L., 1990]. 

Thermal field distribution and geothermal gradient 
values in the ground at shallow geological section are 
conditioned that at the depth 100m the temperatures 
reaches from 16oC up to 18.8°C at plane areas in the 


Ionian tectonic zone and in Peri Adriatic Depression 
(Fig. 2). The areas with a temperature between 18 °C 
and 19 °C are located at Kolonje-Divjake-Kryevidh, 
Vlore and Sarande-Delvine zones (Frasheri A., et al. 
2004, 2008). 

There are some particularities in the distribution of the 
temperature at the depth 100m: 

Temperature in subsurface ground at littoral area : 
Minimal temperature is 16.60 °C 
Maximal temperature is 18.80 °C 
Average temperature is 17.80 °C 

Temperature in subsurface ground at western plane- 
hilly area: 

Minimal temperature is 17.15 °C 
Maximal Temperature is 18.41 °C 
Average Temperature is 18.0 °C 

Temperature in subsurface ground at hilly -mountains 
regions: 

Minimal temperature is 6.70 °C 
Maximal temperature is 18.60 °C 
Average temperature is 14.75 °C 

In plane area of Albania, example in the Tirana field 
(Rinasi), the temperature is 15.5 °C, up to logging 
depth 31 m, in the Quaternary deposits (Fig. 3) 
(Frasheri et al. 2003). According to the well-known 
data, the layers at the depth from 0-8-10 m have a 
temperature, which is conditioned by solar radiation 
energy. During the winter, the temperature is lower 
than during the summer. Below, the ground 
temperature is constant during the year, because don’t 
have the influence from solar radiation. Depth limit of 
the solar radiation influence zone is not unique. Lateral 
changes up to 0.5 °C are observed in the 500m 
distances, for the same time. These lateral changes are 
conditioned by lithology of the Quaternary loose 
deposits. The belt of the constant temperature 
continues up to the depth 50 m in the mountain regions 
of the Albania. 

According to the analyse of the geothermal regime of 
the shallow geological section is concluded that is 
possible to use the ground heat for the space heating 
and cooling, applied modern Borehole Heat exchanger 
- geothermal Heat Pump. Ground geothermal energy 
has heated the underground water reservoir (Fig. 3,4). 
In Tirana underground water basin are following 
temperatures: 

Water temperature of the Quaternary gravel layer is 14- 
15 °C. Water temperature of the Quaternary sandstone 
layers is 15-16°C. Consequently, concluded that water 
of the Tirana underground basin can be a heat source 
for the geothermal pumps. 

5. ECONOMIC EVALUATION OF THE 
PROPOSED SCHEME HEATING OF 
UNIVERSITY “FAN NOLI”, KOR£A CITY 

Total heated surface, for three-floors: 1200 m 2 
Heating system: Borehole-Heat Pump-Radiators 
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Heating capacity 134 KW 
Heating period 1836 hours 


the geothermal heat pumps for space heating for 
different heating systems. 



Fig. 3. Thermolog of the Rinasi borehole 


Heating system , there are analyzed three variants: 

a) Borehole-Geothermal Heat Pump 

b) Borehole-Heat Exchanger-Geothermal Heat Pump 
b) Oil Fired Boiler 

Installed cost for: 

a) Borehole-Geothermal Heat Pump 58.101 Euro 

b) Borehole-Heat Exchanger-Geothermal Heat Pump 

121.123 € 

c) Oil Fired Boiler 16.579 € 

Specific Installed cost for: 

a) Borehole-Geothermal Heat Pump 59.3 Euro/m 2 

b) Borehole-Heat Exchanger-Geothermal Heat Pump 

109.3 Euro/m 2 

b) Oil Fired Boiler 15.6 Euro/m 2 

Yearly expenses for the oil for boiler and electric 
Energy for geothermal heat pumps: 

Oil for boiler 39.960 Euro 

Electric energy for Borehole-Heat Exchanger- 
Geothermal heat pump system 26.970 Euro 
Electric energy for Borehole-Geothermal heat 
pump system 24.814 Euro 

Payback period for the installed cost for: 

Payback period of Borehole-Heat Exchanger 
Geothermal heat pump system 2,2 years 
Payback period of Borehole-Geothermal heat 
pump system 4,9 years 

Installed cost can be covered only by expenses savings 
for boiler fuel. 

In fig 5 is presented the graphic of the installed costs 
and yearly expenses for the oil and electric energy for 
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Fig. 5. Installed costs and yearly expenses for fuell and 
electric energy for the geothermal heat pumps for space 
heating for different heating systems. 

Legend: Serie 1: Borehole-Geothermal Heat Pump 
system , Serie 2: Borehole-Heat Exchanger Geothermal 
Heat Pump system ; Serie 3: Boiler system, oil price 
1,2 Euro/liter; 

Serie 4: Boiler system, oil price 0.8 Euro/liter. 

Fig. 6 shows the cumulative yearly expenses 
for the fuel and electric energy for heating 
system works. 
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Fig. 6. Cumulative yearly expenses for the oil and 
electric energy for the geothermal heat pumps for space 
heating for different heating systems (in Euro). 

Legend: Serie 1: Borehole-Geothermal Heat Pump 
system , Serie 2: Borehole-Heat Exchanger Geothermal 
Heat Pump system ; Serie 3: Boiler system. 

In the fig. 7 is presented the plots of the differences of 
yearly cumulative expenses for the fuel and electric 
energy for the geothermal heat pumps for space heating 
and installation costs for different heating systems. 


A 



1295 



Fig. 7- The plots of the differences of yearly 
cumulative expenses for fuel and electric energy for the 
geothermal heat pumps for space heating and installation 
costs for different heating systems (in Euro). 

Legend: Serie 1: Borehole-Geothermal Heat Pump 
system , Serie 2: Borehole-Heat Exchanger Geothermal 
Heat Pump system ; Serie 3: Boiler system. 

Price of heating energy for the geothermal system 
results 3,45 Lek/kWh (0,0265 Euro/kWh) and 5,81 
Lek/kWh (0,0446 Euro/kWh) respectively for 
Borehole-Geothermal Heat Pump system , Serie 2: 
Borehole-Heat Exchanger Geothermal Heat Pump 
system; in the same time for the boiler system the price 
results 16,9 Lek/kWh (0,13 Euro/kWh), consequently 
4, 9-2, 9 time more expenses (fig. 8) 



Fig. 8. Cost in Lek/kWh for space heating of the 
University of Korga building, for the payback period. 
Legend: Serie 1: Borehole-Geothermal heat pump 
system , Serie 2: Borehole-Heat Exchanger Geothermal 
heat pump system ; Serie 3: Boiler system. 

According to this analyze and graphics of the fig. 5-8, 
results that geothermal heating and cooling system is 
more economic system that boiler system. 

6. CONCLUSIONS 

a) The heating problem and its economic solution is an 
important task, taking into consideration the current 


severe energetic crises. One of the ways out is the use 
of geothermal energy. In Albania there are many high- 
rise building, which are still projected to include oil or 
gas fired boiler systems, as well as with air 
conditioning units. Air conditioning units heat all 
public institutions. The hospitals, dorms, hotels are 
heated by oil and gas fired boilers. It is the ripe time to 
move out of such practices, which do not provide for 
long term sustainable solutions to the heating and 
cooling problems in Albania. 

b) Direct use of the geothermal energy for space 
heating/cooling can be contribute to improve country 
energy balance. 

c) It is the right time to introduce systems using 
renewable energy shallow sources such as the 
geothermal energy: . 

d) Geothermal space heating/cooling systems represent 
not only high economical efficiency but are 
environmental friendly. 

Based on these conclusions, in the condition of the 
intensive building’s construction in Albania and 
energetic crisis, are important two recommendations: 

Firstly, the geothermal systems must have the priority 
for space heating/cooling of the new public and private 
buildings (industrial, and residential, etc.), 

Secondly, the geothermal systems must have the 
priority during the re-construction of the 
heating/cooling systems of the hospitals, schools, 
dorms, hotels, etc., which are heated by oil and gas 
fired boilers. 
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Introduction 

The old problem of geophysical inversion (Lowrie 2009) continues to be a challenge despite the 
enormous progress done during several decades and recently with the use of parallel processing. 
Being a typically ill-posed problem (Hadamard 1902) it may give quite different solutions for the 
geosection for similar approximation of ground surface anomalies. Even in recent publications there 
are clear examples how geosection structure is significantly deformed including lack of contrast 
between bodies and non-existing syncline structures (Zhdanov et al 2010). Our work consisted on 
using simple algorithms for the gravity inversion and evaluating its performances in terms of runtime 
and quality of solutions (Frasheri and Cico 2012), (Frasheri and Bushati 2012), (Frasheri et al 2013). 

Methodology 

We used the princilpe of CFEAN algorithm (Hogbom 1974) for our software GIM developed in FP7 
project HP-SEE. We modeled a prismatic geosection as composed from an 3D array of cuboid 
elements represented by a 3D array of nodes where the mass of respective cuboids was concentrated. 
The ground surface represented by an 2D array of points situated at the upper face of the geosection. 
The algorithm starts with a distribution of masses zero in the geosection and iteratively updates the 
mass density of the cuboid element that best approaches the field anomaly, using a predefined mass 
density step; the effect of this update is subtracted from the field anomaly and the process is repeated 
based in the residual field anomaly. 

A weigted least squares schema was used to evaluate the quality of approximation between two 
surfaces - the anomaly and the effect of a single 3D geosection element within a moving window over 
the 2D ground surface array. Firstly the window radius is defined based on the relative value of the 
effect of the 3D node in each of 2D points, with the radius \based on the relative effect of 3D node in 
each of 2D points greater than 1AV. Secondly, the same relative effect of 3D node in each of 2D 
points was used for weighting the least squares error. A third experiment was done considering in 
each iteration only 3D nodes directly under the 2D point where the residual field anomaly reaches its 
maximum. The termination of iterative process was tested with two different criteria: until the global 
least squares approximation error for the anomaly became less that a predefined small threshold; and 
until the calculated update of the mass density for the best 3D node became less than 1/2 of the 
predefined mass density step. Un-weighted global least squares error was calculated for the final 
evaluation of error approximation of the field anomaly and, for synthetic models, the error in the 
central cross-section of 3D geosections. 

Experiments with synthetic models were done with a geosection 4000m*4000m*2000m discretized 
with 11x11x6, 21x21x11 and 41x41x21 nodes. Respective 2D arrays were used for the surface 
anomaly. Anomalous bodies were represented by vertical prisms with mass density varying in the 
range of 3 - 5 g/cm A 3 were used. For each model, based on the respective discretization schema, the 
direct calculation was used to obtain the anomaly, which was used for the inversion. Two field cases 
were experimented, using maximal mass densities of 0.3 g/cm A 3 and 5 g/cm A 3. 

Results and Discussions 

The algorithm GIM gave good results for single body geosection models. The anomaly and inverted 
geosection for a single body model are presented in Fig. 1. The runtime dependence from the model 
size and the number of computing cores is presented in Fig. 2. Both parallelism technologies OpenMP 
and MPI gave similar results following the order of magnitude 0(N A 8). The scalability of number 
iterations followed the expected order of magnitude 0(N A 3). For two body geosection models the 
inversion of the anomaly, due to its shape with one “hill” with two peaks (Fig. 3), resulted deformed - 
the algorithm tended firstly to approximate the “hill” representing the global trend separating only the 
top of bodies. 
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Figure 1 The single body inversion model: (a) gravity anomaly ; (b) inverted body. 
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Figure 2 Scalability of algorithm: (a) by number of computing cores; (b)by model size. 
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Figure 3 The single body inversion model: (a) gravity anomaly; (b) inverted body. 

We obtained different inverted solutions using combinations of least squares schema for the same 
models. Compared with simple unconstrained least squares schema, constraints with windowing and 
weighting least squares gave relatively better results. A comparative analysis of errors for 
non-constrained versus constrained least squares schema for different models is presented in Fig. 4 for 
both anomalies and geosections. Errors resulted scattered and two categories partially blended with 
each other, which represented the instability of the solutions for the ill-posed inversion problem. 
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(a) (b) 

Figure 4 The distribution of inversion errors represented by green rhomboids for constrained least 
squares schema , and red discs for non-constrained one: (a) single body model , (b) two body model. 

Spatial distribution of anomaly errors (Fig. 5) resulted clearly asymmetric for the two body models 
due to the deformation of inverted geosection lacking separation of in-depth anomalous bodies - the 
algorithm “preference” is a geosection with circular symmetry leading to asymmetric error 
distribution for anomalies created by geosections without circular symmetry. 
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Figure 4 Spatial distribution of anomaly errors: (a) single body model , (b) two body model. 


The results for a field case (Bouguer anomaly) are given in Fig. 5. Maximal mass density contrast of 
anomalous body with its surrounding is 0.3 g.cm A 3 
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Figure 5 Inversion of a field case: (a) Bouguer anomaly , (b) inverted geosection, (c) anomaly error 
(red isolines represent zero values) 
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Conclusions 

The use of constrained least squares error formula for calculation of the approximation of the residual 
anomaly by the effect of a single node of the 3D geosection gave an improved inversion solution for 
two body models. Two techniques used for constraining the error formula are based in the shape of 
the anomalous effect of a single node in different depths, constraining spatially the calculation within 
a circular window and including a weight based on the relative values of nodes' anomalies. The 
distribution of the errors had different patterns, making the determination of an unique methodology 
difficult. Reduction of inversion error with real field data would require a careful interpretation of the 
spatial distribution of the anomaly approximation error for identification of eventual patterns that 
indicate the deformation of inverted geosection structures. The algorithm works following the road to 
the best local approximation, which in multi-body structures may get locked in local optimums 
leading to wrong inverted geosections. Application of techniques for the disturbance of solutions may 
help to get unlocked from local optimums and improve the inversion. 
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ABSTRACT 

Resources of Geothermal Energy of low enthalpy in 
Albania, and the platform for their direct use are 
presented in the paper. 

Large numbers of geothermal energy of low enthalpy 
resources are located in different areas of Albania. 
Thermal waters are sulfate, sulfide, methane, and 
iodinate-bromide types. Thermal sources are located 
in three geothermal zones: 

Kruja geothermal zone represents a zone with 
bigness geothermal resources, in carbonate reservoirs. 

Ardenica geothermal zone is located in the coastal 
area of Albania, in sandstone reservoirs. 

Peshkopia geothermal zone at northeastern area of 
Albania. Several springs are located with disjunctive 
tectonics of the gypsum diapir. 

The geothermal situation in Albania offers three 
directions for the exploitation of geothermal energy: 

Firstly, the use of the ground heat flow for space 
heating and cooling, by borehole heat exchanger-heat 
pumps systems. 

Secondly, thermal sources of low enthalpy are natural 
sources or wells in a wide territory of Albania. They 
represent the basis for a successful use of modern 
technologies for a complex and cascade exploitation 
of this energy: 

1. SPA clinics for treatment of different diseases and 
hotels for eco-tourism. 

2. The hot water for heating and sanitary waters of the 
SPA and hotels, greenhouses and aquaculture 
installations. 

3. From thermal waters it is possible to extract 
chemical microelements. 

Thirdly, the use of deep abandoned oil and gas wells 
as “Vertical Earth Heat Probe”. 

1. INTRODUCTION 

Geothermal Resources of Albania evaluation and 
platform for their use, are based on the results of more 
than two decades of geothermal studies. 


- Geothermal Atlas of Albania and Atlas of 
geothermal resources in Albania (2004), have been 
performed in framework of the of the Committee for 
Sciences and Technology of Albania projects, by 
agreement between the Faculty of Geology and 
Mining, and the Geophysical Institute, Czech Acad. 
Sci., Prague, European Commission- International 
Heat Flow Commission (Frasheri A. 1992, Frasheri A. 
et al. 1994, 1995, 1996). Geothermal team of the 
Faculty of Geology and Mining, have been worked for 
the UNDP-GEF/SGP Tirana Office project ( 2003), 
and “Geothermal Resources of Albania and platform 
for their use”, in the framework of the National 
Program for Research and Developing, Natural 
Resources, 2003-2005 (Frasheri A. et a. 2003, 2004, 
2005). Has been published in electronic format the 
“Atlas of Geothermal Resources in Albania (Frasheri 
A. et. al. 2004). 

Geothermal team from Faculty of Geology and 
Mining and Department of Energy of Faculty of 
Mechanical Engineering, during 2008 has worked for 
the Project: “Platform for integrated and cascade use 
of geothermal energy of low enthalpy in the 
framework of energetic balance of Albania”, in the 
framework of the National Program for Research and 
Development, “Water and Energy” 2007-2009. Have 
been published a monograph: “Space Heating/Cooling 
Borehole- Vertical Heat Exchanger- Heat Pump 

System” (Frasheri A. et. al. 2008). In same time, we 
had prepared three project ideas: “Geothermal Center 
for integrated and cascade direct use of geothermal 
energy of Kozani-8 well, near Elbasani City” (spa- 
hotel with hot pools, greenhouse and aquacultyre 
instalations (spirulina and fisch), Project idea for space 
heating of Korqa University using borehole-vertical 
heat exchanger- heat pump system, and project idea for 
set up of the “Geo-Energy Ressouces Laboratory” in 
the Department of Energy Reasources, Faculty of 
Geology and Mining (Frasheri A. et al. 2008, 2009). 
“Geothermal Resources of Albania and platform for 
their use”, monograph, was published during 2010 by 
Faculty of Geology and Mining, Faculty of 
Mechanical Engineering, Polytechnic University of 
Tirana (Frasheri A. et Kodhelaj N., 2010). 

The Promemory “Earth Heat is an alternative, environ 
friendly renewable energy, which is necessary to use 
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in Albania” has been addressed to the Albanian 
Government. 

Periodically, results of the geothermal energy studies 
in Albania have been published and presented in 
International Symposiums, Conferences and 
Workshops. 

In Albania there are many thermal water springs and 
wells of low enthalpy, with a temperature of up to 
65.5°C, which indicates that there are possibilities for 
direct use of the geothermal energy. In Albania the 
new technologies of direct use of geothermal energy 
are either partly developed or remain still untouched. 
Integrated and cascade use of geothermal energy of 
low enthalpy will be represent an important direction 
for profitable investment. Exploitation of geothermal 
energy will have a direct impact in the development of 
the regions, by increasing their per capita income and 
at the same time ameliorating the standard of living of 
the people. 

2. GEOLOGY BACKGROUND 

The Albanides represent the main geological 
structures that lie on the territory of Albania. They are 
located between the Dinarides in the north and the 
Helenides in the south, and together they form the 
Dinaric Branch of Mediterranean Alpine Belt. 
Albanides are divided in two big peleogeographical 
zones: the Inner Albanides and the External 

Albanides. Korabi, Mirdita (ophiolitic belt), presents 
the Inner Albanides and Gashi zones. The Alps, the 
Krasta-Cukali, the Kruja, the Ionian zone, the Sazani 
zone and the Pre-Adriatic Depression present the 
External Albanides. Depression as a part of Albanian 
Sedimentary Basin continued towards the shelf of the 
Adriatic Sea. The geological cross-section of Albanian 
Sedimentary Basin is about 15 km thick and it 
continues also in the Adriatic Sea Shelf. 

Ionian zone is developed as a large pelagic trough in 
the Upper Triassic. There, the evaporites of the 
Permian-Triassic are overlapped by a thick carbonate 
formation of the Upper Triassic-Eocene. The 
geological section on this carbonate formation is 
covered by Oligocene flysch, a flyschoid formation of 
the Aquitanian and by schilieres of the Burdigalian, 
Helvetian and particularly of Serravalian- Tortonian 
molasses. Burdigalian deposits are overlapped 
transgressively with an angular unconformity, 
anticline belts. The Tortonian Age deposits have filled 
the synclinal belts of Ionic and Kruja tectonic zones. 

Miocene and Pliocene molasses of Peri-Adriatic 
Depression overlies the structures of northern part of 
the Ionian zone. The structure of Neogene molasses 
represents the upper tectonic stage of the structure of 
the Peri-Adriatic Depression. 

In the over part of the section of Kruja zone, the 
carbonate neritic rocks of the Cretaceous-Paleogene 
age are overlying the Oligocene flysch of a thickness 
of 5 km. 


The structures of the Albanides are typically Alpine 
ones. The SSE-NNW directions represent their general 
strike. The structures are asymmetrical and have a 
western vengeance. Recumbent, overthrusted and 
overtwisted structures are found, too. Generally, their 
western flanks are affected by disjunctive tectonic. 

3. METHODS AND STUDY AREA 

Geothermal studies carried out in Albania are oriented 
toward the study of the distribution of the geothermal 
field and the natural thermal water springs and wells. 
Geothermal studies were extended all over the country 
territory. 

The temperatures have been measured and the 
geothermal gradient and the heat flow density at 
different depths have also been calculated (Frasheri et 
al. 1995). Temperature measurements were carried out 
both in 145 deep wells, in boreholes and in mines, at 
different hypsometric levels. The temperature in the 
wells was recorded at regular intervals. It was 
measured by means of resistance and thermistor 
thermometers. The average absolute measurement 
error was 0.3°C. The measurements were carried out 
in a steady- state regime of the wells filled with mud or 
water. The recorded data were processed using the 
trend analysis of first and second degrees. The 
chemical composition of the waters was found. The 
output of the springs and wells and their hydrogeology 
was evaluated. 

4. RESULTS 

4.1. Geothermal Regime 

The Geothermal Regime of the Albanides is 
conditioned by tectonics of the region, lithology of 
geological section, local thermal properties of the 
rocks and geological location (Frasheri A. 1992, 
Frasheri et al. 1994, 1995, 2004, 2010). 

4.1.1. Temperature 

The geothermal field is characterized by a relatively 
low value of temperature. The temperature at 100 
meters depth varies from less than 10 to almost 20°C, 
with lowest values in the mountain regions. The 
temperature is 105.8°C at 6000 meters depth, in the 
central part of the Peri-Adriatic Depression. The 
isotherm runs parallel the Albanides strike (Fig. 1). 
Going deeper and deeper the zones of highest 
temperature move from southeast to northwest, 
towards the center of the Peri-Adriatic Depression and 
even further towards the northwestern coast. The 
temperatures in ophiolitic belt are higher than in 
sedimentary basin, at the same depth. 

4.1.2. Geothermal Gradient 

In the External Albanides the geothermal gradient is 
relatively higher. The geothermal gradient displays the 
highest value of about 21.3 mK.nf 1 in the Pliocene 
clay section in the centre of Peri-Adriatic Depression. 
The largest gradients are detected in the anticline 
molasses structures of the center of Pre-Adriatic 
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Depression (Fig. 5). The gradient decreases about 10- 
29% where the core of anticlines in Ionic zone 
contains limestone. The lowest values of 7-11 mK.m' 1 
of the gradient are observed in the deep synclinal belts 
of Ionic and Kruja tectonic zones (Fig.2). 

In the ophiolitic belt of the Mirdita tectonic zone, the 
geothermal gradient values increase up to 36 mK.m' 1 
at northeastern and southeastern part of the Albania. 

4.1.3. Heat Flow Density: 

Regional pattern of heat flow density in Albanian 
territory is presented in the Heat Flow Map. There are 
observed two particularities of the scattering of the 
thermal field in Albanides (Fig. 3): 

Firstly, maximal value of the heat flow is equal to 42 
mW/m 2 in the center of Peri- Adriatic Depression of 
External Albanides. The 30 mW' 2 value isotherm is 
open towards the Adriatic Sea Shelf. These 
phenomena have taken place owing to the great 
thickness of sedimentary crust, mainly carbonate one 
in this zone. 

Secondly, in the ophiolitic belt at eastern part of 
Albania, the heat flow density values are up to 60 
mW/m 2 . The contours of Heat Flow Density give a 
clear configuration of ophiolitic belt. Radiogene heat 
generation of the ophiolites is very low. In these 
conditions, increasing of the heat flow in the ophiolitic 
belt, is linked with heat flow transmitting from the 
depth. The granites of the crystalline basement, with 
the radiogenic heat generation, represent the heat 
source. 


Kruja geothermal area represents an anticline structure 
chain with carbonate core of Cretaceous-Eocene age. 
They are covered with Eocene- Oligocene flysch. 
Anticlines are linear with as length of 20-30 km. They 
are asymmetric and their western flanks are separated 
from disjunctive tectonics. Geothermal aquifer is 
represented by a karstified neritic carbonate formation 
with numerous fissures and micro fissures. 

In the Ishmi area, Ishmi 1-b well has been drilled in 
1994. It is situated in the top part of the limestone 
structure. It is located 20 km North- West of Tirana, in 
the plain area, near “Mother Theresa” Tirana airport. It 
meets limestone at 1300m of depth and goes through a 
carbonate coupe of 1016 m thickness. 

Kozani 8 well has been drilled in 1989 (Photo 2). It is 
situated 35 km South- East of Tirana and 8 km North- 
West of Elbasani. It is situated on hills close to Tirana- 
Elbasani national road. It meets limestone at 1810m of 
depth and goes 10m deep in them. 

Since the end of the drilling to this day hot water 
continues to fountain from Ishmi 1-b and Kozani 8 
wells. 

Elbasani Llixha watering place is about 12 km South 
of Elbasani. There are seven spring groups that extend 
like a belt with 320° azimuth. All of them are 
connected with a the main regional disjunctive 
tectonics of Kruja zone. Thermal waters flow out 
through the contact of conglomerate layer with 
calcolistolith. In this area too, the reservoir is 
represented by the Llixha limestone structure. These 
springs have been known before Second World War. 


4.2. Geothermal energy resources in Albania 

Large numbers of geothermal energy of low enthalpy 
resources are located in different areas of Albania. 
Thermal waters with a temperatures that reach values 
of up to 65.5°C are sulfate, sulfide, methane, and 
iodinate-bromide types (Frasheri A. et al. 1996, 2004, 
2010) (Tab. 1, Fig.4). In many deep oil and gas wells 
there are thermal water fountain outputs with a 
temperature that varies from 32 to 65.5°C (table 2, 
Fig. 3) 


Surface water temperatures in the Tirana-Elbasani 
zone vary from 60° to 65.5°. In the aquifer top in the 
well trunk of Kozani 8 temperature is 80°C. Hot water 
is mineralized, with a general mineralization of 4.6- 
19.3 g/1. Elbasani Nosi Llixha water has the following 
formula: 


^ 2 *^ 0 . 403 ^ 7.1 


ci 59 so 3 , 

Na 46 Ca 35 


Albanian geothermal areas have different geologic and 
thermo-hydrogeological features. Thermal sources are 
located in three geothermal zones (fig. 4): 

Kruja geothermal zone represents a zone with 
bigness geothermal resources. Kruja zone has a length 
of 180 km. Kruja Geothermal Zone is extended from 
Adriatic Sea at North and continues in South-Easter 
area of Albania and in Konitza area in Greece. Photo 1 
shows Lengarica - Permet thermal springs at southern 
Albania. Identified resources in carbonate reservoirs in 
Albanian side are 5.9xl0 8 -5.1xl0 9 GJ. The most 
important resources, explored until now, are located in 
the Northern half of Kruja Geothermal Area, from 
Llixha-Elbasan in the South to Ishmi, in the North of 
Tirana. The values of specific reserves vary between 
38.5-39.63 GJ/m 2 . 


Peshkopia geothermal zone is situated in the 
Northeast of Albania. Two kilometers East of 
Peshkopia some thermal springs are situated very 
close to each other. These thermal springs flow out on 
Banja river slope. These springs are linked with the 
disjunctive tectonic seismic-active zone Ohrid Lake- 
Debar, at periphery of gypsum diapir of Triassic age 
that has penetrated Eocene flysch which surround it 
like a ring. The occurrence of thermal waters is 
connected with the low circulation zone always under 
water pressure. They are of sulfate-calcium type, with 
a mineralization of up to 4.4 g/1, containing 50 mg/1 
H 2 S. Their chemical formula is: 

cn 4 

ti c M OLy 56 

/7 2°0.0495 iK/ 4.4 ^ 
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Yield of some of the springs goes up to 14 1/sec. 
Water temperature is 43.5 °C. 

Water temperature and big yield, stability, and also 
aquifer temperature of Peshkopia Geothermal Area 
similar are with those of Kruja Geothermal Area. For 
this reason geothermal resources of Peshkopia Area 
have been estimated to be similar to those of Tirana- 
Elbasani area. 

Ardenica geothermal zone is located in the coastal 
area of Albania, in sandstone reservoirs. 

5. PLATFORM FOR THE DIRECT USE OF 
GEOTHERMAL ENERGY OF LOW 
ENTHALPY IN ALBANIA 

The geothermal situation of low enthalpy in Albania 
offers three possibilities for the direct use of 
geothermal waters energy. Geothermal energy 
exploitation must be realized by integrated scheme of 
geothermal energy, heat pumps and solar energy, and 
cascade use of this energy (Frasheri A. 2001, Frasheri 
A. et al. 2003, 2004, 2008,2009, 2010). 

Firstly, the Ground Heat can be use for space heating 
and cooling by Borehole Heat Exchanger-Geothermal 
Heat Pumps modern systems. At the present in 
Albania have been installed geothermal heating 
systems in six buildings in different cities: Tirana, 
Korqa, Shkodra, Erseka. 

Secondly, thermal sources of low enthalpy and of 
maximal temperature up to 65.5 °C. 

Thermal waters of springs and wells may be used in 
several ways: 

1 . Modern Wellness SPA for treatment and healing of 
different diseases, recreation, thermal physical and 
mental relaxation, with thermal bath and pools, sauna, 
massages, fitness and activities for development of 
eco-tourism. Such centers may attract a lot of clients 
not only from Albania, because the good curative 
properties of waters and springs are situated at nice 
places, near seaside, Gjinari Mountain or Ohrid Lake 
pearl. 

The oldest and important is Elbasani Llixha SPA is 
located in Central Albania. By national road 
communication, Llixha area is connected with 
Elbasani. These thermal springs from about 2000 
years ago are known, near of the old road “Via 
Egnatia" that has passed from Durresi- Ohrid- to 
Constantinople. All seven groups of the springs in 
Llixha Elbasani and Kozani-8 well, near of Saint 
Vladimir Monastery at Elbasani, have the possibilities 
for modern complex exploitation. Ishmi 1/b 
geothermal well is located in beautiful Tirana field, 
near of Mother Theresa- Tirana Airport, near of the 
Adriatic coastline and Kruja - Skanderbeg Mountain. 

Peshkopia SPA was constructed by modern concepts 
as balneological geothermal center. There are thermal 
pools, for medical treatment and recreation. 


Construction of the Peshkopia SPA must been good 
example for new SPA construction in Albania. 

2. The hot water can be used also for heating of hotels, 
SPA and tourist centers, as well as for the preparation 
of sanitary hot water used there. 

3. Near thermal water springs and wells it is possible 
to build the greenhouses for flowers and vegetables, 
asparagus cultivation, etc. 

4. Aquaculture installations for cultivation of the 
micro- alga as spirulina etc. for alimentary industry, 
preparation of pomades, and fiches cultivation will be 
other profitable activities. 

5. From thermal mineral waters it is possible to extract 
very useful chemical microelements as iodine, 
bromine, chlorine etc. and other natural salts, so 
necessary for preparation of pomades for the treatment 
of many skin diseases as well as for beauty treatments. 
From these waters it is possible to extract sulphidric 
and carbonic gas. 

6. Scientific research for study of the possibility of 
generating electricity from geothermal sources of low 
enthalpy, about 80°C, as good local energy sources 
and provides a secure domestic energy supply with 
stable output. 

Thirdly, the use of deep doublet abandoned oil and 
gas wells and single wells for geothermal energy, in 
the form of a “Vertical Earth Heat Probe”. The 
geothermal gradient of the Albanian Sedimentary 
Basin has average values of about 18.7 mK-rn' 1 . At 2 
000 m depth the temperature reaches a value of about 
48 °C. In these single abandoned wells a closed circuit 
water system can be installed. Near of these wells, can 
be build greenhouses. 

Actually in Albania is prepared a platform with 
scenarios for integrated and cascade use of the 
geothermal energy, in the framework of the National 
Program for Research and Development, Water and 
Energy (2007-2009). Based on complex analysis, for 
the best area selected according to the scenarios, a 
Feasibility Study is performed to analyze three 
components: energy supply, environmental impact and 
financial aspects, and to suggest the best solution of 
the innovative geothermal energy utilization 
technology applications in that area. 

Consequently, the sources of low enthalpy geothermal 
energy in Albania, which are at the same time the 
sources of multi-element mineral waters, they 
represent the basis for a successful use of modern 
technologies for a complex and cascade exploitation 
of this environmental friendly renewable energy, 
achieving a economical effectiveness. Such 
developments are useful also for the creation of new 
working places and improvement of the level of life 
for local communities near thermal sources. 
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6. CONCLUSIONS 

1. Albania has geothermal energy resources, which 
can be direct use as alternative, environmental friendly 
energy. 

2. Resources of the geothermal energy in Albania are; 

• Natural springs and deep wells with thermal 
water, of a temperature up to 65.5°C. 

• Heat of subsurface ground, with an average 
temperature of 16.4°C and depth Earth Heat 
Flow. 

3. Construction of the space-heating system, based on 
direct use of ground heat, by using of the shallow 
borehole heat exchanger (BHE)-Heat Pumps systems, 
is actually most important direction of the use of 
geothermal energy. 
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THERMAL WATER SPRINGS IN ALBANIA 


Tab. 1 


N°of Springs 

Location 

Temperature in 

Salt 

Artesian Spring 



°C 

in mg/I 

yield in l.s-1 

1 

Llixha Elbasan 

60 

6,3 

15-18 

2 

Peshkopi 

5-43 

4,2 

23 

3 

Lengarica-Permet 

6-31 

1,65 

>10 

4 

Sarandoporo-Leskovik 

26,7 

1,2 

>10 

5 

Tervoll-Gramsh 

24 

2,5 

>10 

6 

Mamurras-Tirane 

21 

5,4 

>10 

7 

Steam Postenani springs 





THE OIL AND GAS WELLS THAT HAVE SELF-DISCHARGE OF THE THERMAL WATER 

Tab. 2 


N° 

Well Name 

Temperature 
in °C 

Salt 

in mg. I' 1 

Self- 

discharge 

in l.sec' 1 

1 

Kozani 

65.5 

4,6 

10,4 

2 

Ishmi 

64 

15 

4,4 

3 

Shupal- 

Tirana 

29.5 

1,6 

1,6 

4 

Galigati 

45-50 

5,7 

0,9 

5 

Bubullima 

48-50 

35 


6 

Ardenica 3 

38 

38,2 

15-18 

7 

Ardenica 12 

32 

53,6 

5-18 

8 

Semani 1 

35 


5 


Semani 3 

67 

20,7 

30 

9 

Verbasi 

29.3 

8,2 

1-3 


6 





1309 


Frasheri 



Photo 1. Langarica-Permeti thermal water springs 



Photo 2. Geothermal deep well Kozani - 8 
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Fig. 3 
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Tables A-G 


Table A: Present and planned geothermal power plants, total numbers 



Geothermal Power Plants 

Total Electric Power 
in the country 

Share of geothermal in total 

Capacity 

(MW.) 

Production 

(GWh e /yr) 

Capacity 

(MW e ) 

Production 

(GWyr) 

Capacity 

(%) 

Production 

(%) 

In operation 
end of 2012 







Under 
construction 
end of 2012 







Total projected 
by 2015 

— 

— 

— 

— 

— 

— 


Table B: Existing geothermal power plants, individual sites 


Locality 

Plant 

Name 

Year 

commiss. 

No of 
units 

Status 

Type 

Total inst. 
Capacity 
(MW e ) 

Total run- 
ning cap. 
(MW e ) 

2012 

product. 

(GWhe/y) 





































total 

— 

-- 

— 

— 

— 

— 

— 

Key for status: 

Key for type: 

0 Operating 

N Not operating (temporarily) 

R Retired 

D Dry Steam 

IF Single Flash 

2F Double Flash 

B-ORC Binary (ORC) 

B-Kal Binary (Kalina) 

0 Other 
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Table C: Present and planned geothermal district heating (DH) plants and other direct uses, total numbers 



Geothermal DH Plants 

Geothermal heat in 
agriculture and industry 

Geothermal heat in 
balneology and other 

Capacity 

(MW*) 

Production 

(GWh*/yr) 

Capacity 

(MW*) 

Production 

(GWiWyr) 

Capacity 

(MW*) 

Production 

(TJ/yr) 

In operation 
end of 2012 





11.728 


Under 
construction 
end of 2012 





— 

— 

Total projected 
by 2015 

— 

— 

— 

— 

11.728 

8.45 


Table D: Existing geothermal district heating (DH) plants, individual sites 


Locality 

Plant 

Name 

Year 

commiss. 

Is the heat 
from geo- 
thermal 
CHP? 

Is cooling 
provided 
from geo- 
thermal? 

Installed 

geotherm. 

capacity 

(MW*) 

Total 

installed 

capacity 

(MW*) 

2012 geo- 
thermal 
heat prod. 
(GWIWy) 

Geother. 
share in 
total prod. 

(%) 














































total 

— 

— 

— 

— 

— 

— 

— 


Table E: Shallow geothermal energy, ground source heat pumps (GSHP) 



Geothermal Heat Pumps (GSHP), total 

New GSHP in 2012 

Number 

Capacity 

(MW*) 

Production 

(TJ/yr) 

Number 

Capacity 

(MW*) 

Share in new 
constr. (%) 

In operation 
end of 2012 

106 

1.936 

9.075 

— 

— 

— 

Projected 
by 2015 

— 

— 

— 

— 

— 

— 
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Table F: Investment and Employment in geothermal energy 



in 2012 

Expected in 2015 


Investment 

Personnel 

Investment 

Personnel 


(million €) 

(number) 

(million €) 

(number) 

Geothermal electric power 

— 

— 

— 

— 

Geothermal direct uses 

Not data 

Not data 

Not data 

Not data 

Shallow geothermal 

Not data 

Not data 

Not data 

Not data 

total 

Not data 

Not data 

Not data 

Not data 


Table G: Incentives, Information, Education 



Geothermal el. power 

Geothermal direct uses 

Shallow geothermal 

Financial Incentives 
- R&D 

— 

DIS 

DIS 

Financial Incentives 
- Investment 

— 

LIL 

DIS 

Financial Incentives 
- Operation/Production 

— 

LIL/LIL 

LIL/LIL 

Information activities 
- promotion for the public 

Not any activity 

Yes brochures, books, 
video, leaflets, papers in 
newspapers. 

Yes brochures, books, 
video, leaflets, papers in 
newspapers. 

Information activities 
- geological information 

Yes analyses related to 
the possibilities of 
power generation in 
Albania, used binary 
systems. 

Yes geothermal and 
hydrochemical studies 
of the thermo- mineral 
waters in Albania of 
springs and deep wells. 

Yes geothermal and 
hydrogeological studies 
related to the shallow 
geothermal in Albania. 

Education/Training 
- Academic 

Geothermal Energy use 
is included in the 
university curricula in 
different Faculties. 

Geothermal Energy use 
is included in the 
university curricula in 
different Faculties. 

Geothermal Energy use 
is included in the 
university curricula in 
different Faculties. 

Education/Training 
- Vocational 

Not 

Not 

Not 

Key for financial incentives: 

DIS Direct investment support 

LIL Low-interest loans 

RC Risk coverage 

FIT Feed-in tariff 

FIP Feed-in premium 

REQ Renewable Energy Quota 
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platform for the direct use of geothermal energy of low enthalpy in albania 
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PECULIARITIES OF THE ULTRABASIC ROCK MAGNETISM AND 
PALEOMAGNETISM DATA OF ALBANIDES OPHIOLITE 

Alfred FRASHERI*, Salvatore BUSHATI** 

^Faculty of Geology and Mining, Polytechnic University of Tirana 
**Academy of Sciences of Albania 


Abstract 

In Albania was gained a good experience for the geophysical exploration of chrome, copper and other 
solid mineral deposits, which are concentrated in the ophiolitic formation. For their exploration have 
been performed integrated geological-geophysical and geochemical ground and underground surveys. 
The geophysical complex for exploration was included gravity, magnetic and IP surface mapping at 
different scales, and the electrical and underground surveying. Underground surveying was carried 
out for the search around mine works and bore holes. In order to get the geophysical documentation 
of the boreholes, are observed the magnetic field, the gravitational field, the IP, the electromagnetic 
waves, the scattered gamma radiation and the neutron activation. In the complex of geophysical 
exploration are included gravitational and magnetic regional mapping at different scales and 
petrophysical studies, including density, magnetisation, electrical resistivity, induced chargeability, 
and radioactivity of ores and rock formations. 

In this paper are generally presented the peculiarities of the ophiolite magnetization in condition of 
Alpine Folded Belt, especially pale magnetic studies results in Albania. 

1. Introduction 

In the paper are presented the peculiarities of the ophiolite formation magnetization in condition of 
Alpine Folded Belt, including paleomagnetic studies results in Albania. In Albania was gained a good 
experience for the geophysical exploration of chrome, copper and other solid mineral deposits, which 
are concentrated in the ophiolitic belt. For their exploration carried out integrated geological- 
geophysical and geochemical ground and underground surveys. The geophysical complex for 
exploration includes gravity, magnetic and IP surface mapping at different scales, and the electro- 
magnetic underground survey. Underground survey was carried out for the search around mine works 
and bore holes. In order to get the geophysical documentation of the boreholes has been used their 
well logging: electric, electro-magnetic, gamma, gamma-gamma, and radioactive logging, and 
magnetic surveys. Important part of the complex of geophysical direct explorations are included 
gravitational and magnetic regional mapping at different scales and petrophysical studies, including 
density, magnetism, electrical resistivity, induced chargeability, and radioactivity of ores and rock 
formations. 

2. Study methodic 

Study of magnetism of the rock is conducted by measurements of the magnetic susceptibility in 
outcrops in the field and induced and remnant magnetization determination in the samples collected in 
rocks of different formations from all Albanides ophiolite massifs. Sampling for the paleomagnetic 
studies have been carried out in fresh ultrabasic rocks, in gabbro, and in volcanic rocks of the Mirdita 
tectonic zone during 1995 year (Frasheri A, and Bushati S. 1995). Have been determined space 
orientation of the vector of magnetic magnetization, and for representative samples carried out 
thermal cleaning and demagnetization in the magnetic field of the alternative electric current. 
Sampling sites were located in six characteristic profiles on ophiolitic missives from south to the 
northern Albania. Magnetic properties of the rocks have been determined in Geophysical Chair, 
Faculty of Geology and Mining, Polytechnic University of Tirana, and Geophysical-Geochemical 
Center of Tirana. Paleomagnetic samplings were carried out by their joint team. Paleomagnetic 
determinations were performed in Paleomagnetic Laboratories of Leoben University, Austria, 
Aristotle University of Thessaloniki, Greece, and Institute of Geophysics, Academy of Sciences, 
Prague. 
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3. Results analyse 

The ophiolite formation, with two ultramaphic massifs belt extends in the territory of Mirdita tectonic 
zone of the Albanides. The eastern ultramaphic belt has two different geological-petrological- 
geochemical and metallogenic sequences: tectonic sequence in lower part of geological cross-section 
in about 1000 - 2000m thickness and that of cumulate sequence, over tectonic one, is about 500 - 
1000m thickness (Fig. 1,2). The lower part of tectonic sequence represents the hartzburgite facies 
with dunitic alternation, composed of fresh rocks in the lower levels up to medium serpentinized 
rocks in upper levels. The dunites represent lenses of thickness of some meters, stretching over 
hundreds of meters. These alternations represent 10-15 % of the rock mass. A narrow alternated 
hartzburgite-dunitic facie, with metallurgic chromite, is situated over the hartzburgite. The cumulate 
sequence is situated with angular unconformity over tectonite (petrological MOHO). 


MASfW / KUKE5/T 



’CEI * IE3»EB»(Z3'‘EIJ« 


Fig. 1. The correlation scheme of the schematic geological sections of the eastern belt of ultramaphic 
rocks (Hallagi H. et al, 1989). 

l.Hartzburbite; 2.Dunite; 3.Lherzolite; 4.Lherzolite-troctolite; 5. Pyroxenite; 6. Gabbro; 7. 
MOHO velocity discontinuity; 8. MOHO petrological discontinuity; 9. Dunitic-hartzburgite 
facies of tectonites; 10. Harzburgite-dunitic facies of tectonites; 11. Hartzburgite facies of 
tectonites; 12. Mineralization levels. 


The ultrabasic rocks have a magnetism, which changes in a broad band, conditioned by the presence 
of the ferromagnetic mineral accessories, mainly by secondary magnetite and less by the magnetized 
accessory chrome spinel (Tab. 1, fig. 3,4, 5 ). The variation of their remnant and chemical magnetism 
strongly depends also by the chemical transformations, recrystallization and redistribution of the 
mechanical stresses. Therefore, ultrabasic rocks can be classified as nonmagnetic, weakly magnetic 
and strongly magnetic ones. Being ferromagnetic, the ultrabasic rocks have a magnetic susceptibility, 
which varies also in broad limits. Apart from this, being ferromagnetic these rocks might have a large 
natural remnant magnetization (I r ). In this way the ultrabasic rocks can be considered from partially 
unmagnetic to strong magnetic. 
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Fig. 2. Geological transversal (EW) and longitudinal (NS) sections in the Bulqiza ultramaphic massif 
(Hallagi Retail 989). 

l.Hartzburgite; 2. Hartzburgite-dunite; 3. Dunite-hartzburgite; 4. Dunite; 5. Mineralization 
levels. 


The magnetic properties of the chrome spinel ore and the ultrabasic rocks. 

(Frasheri A, 2008) 


Table 1 


Kind of ore or 
rock 

Quantity 

of 

samples 

Induced magnetization 
I i? *10" 5 units (SI) 

Remnant magnetization 
I r , *10" 5 units (SI) 

Q„=Ir/I, 

Min. 

Max. 

Mode 

Min. 

Max. 

Mode 

Min/M 

ax 

Av 

er. 

% of 
samp 
with 

Q„>1 

Dunite 

85* 

32 ** 

0 

700 

10±10 

50±30 

200±80 

10 

1800 

300±70 

1.2/5 

2.3 

0.5 

Serpentinized 

dunite 

20 

38 

1000 

350 







Harzburgite 

109* 

56* 

0 

700 

15±15 

300±100 

20 

1000 

300±100 

1.2/13.8 

1.9 

0.3 

Serpentinized 

harzburgites 

87* 

40 

1000 

300 

20 

1300 

350±150 

1.0/ 

2.4 

1.77 

0.6 

Serpentinites 
from dunites 

82 

0 

3700 

150±70 

5 

70000 

300±90 

1.0/ 

31.0 

1.8 

0.6 

Serpentinite from 
harzburgites 

68 

0 

1100 

250±50 

5 

9500 

150±60 

1.0/ 

23.0 

2.1 

0.5 

Pyroxenites 

102 

10 

720 

350±60 

10 

71000 

150±90 

1.0/ 

114 

4.0 

0.7 

Gabbro 

pegmatites 

21 

0 

270 

50 

170 

250 


1.2/ 

4.5 

1.3 



Note: * samples quantity off measurement 

** Samples quantity of I r measurement 


The fresh dunites and hartzburgites of tectonic sequence are not magnetic and cannot be distinguished 
by their magnetization if their degree of serpentinization is equal (table 1). The magnetic properties of 
these two kinds of rocks vary within almost the same limits. Remnant and induced magnetization 
have respective values 10 x 10' 5 units SI and 40 x 10' 5 unit SI, so Q n <l, in the fresh rocks practically 
unserpentinized and uncataclased. The ration Q n =I r /Ii>l is approximately in 48% of the cases, with 
average value 2,3 for dunites and 1,9 for hartzburgites. That reveals the influence of the thermal 
nature of the remnant magnetization. With the increasing of the activity of cataclasis, magnetism is 
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strengthened, especially the natural remnant magnetization. The fresh rocks have unequal magnetic 
properties in different regions. 


Frequency Frequency 



Frequency 



Frequency 



Fig. 3. The histograms of the variation of remnant (I r ) and induced (Ij) magnetization of the rocks in 
Fushe Kalt (Bulqiza) deposit (Plotted by data Sharra Xh. Et al. 1987, accorded to the 
measurements of Kosho P., Dema Sh., Rrenja A.). 

1. Average serpentinized dunites; 2. Strongly serpentinized dunites; 3. Little serpentinized 
hartzburgites; 4. Average serpentinized hartzburgites; 5. Strongly serpentinized 
hartzburgites. 
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900 kec 600 600 (COO {900 440©*‘© f? nifc o.O 

Remanent magnetization (Ir) 5 


200 VOO 


hoc aoo 9000 fJOO f+OO * 'O 

Induced magnetization (li) 


Fig. 4. The histograms of the variation of remnant (I r ) and induced (Ij) magnetization of the rocks in 
Kami (a), Vlahna (b) and variation curves (c) (Frasheri A., 2008). 

1. Serpentinites from dunites (55 samples); 2. Serpentinites from hartzburgites (59 
samples); 3. Piroxenites (102 samples). 


Fig. 5. The variation curves of 
induced (Ij) magnetization of 
the dunites (1) and hartzburgites 
(2), Ragami deposit, Tropoja 
Massif (Frasheri A. 
et al., 2008). 


requency 



The rocks that contain ferromagnetic minerals, for example secondary magnetite are more magnetic. 
An induced magnetization (80-130) xlO' 5 units SI can be conditioned by presence of 0,1% of 
magnetite. In general, dunites are a bit more magnetic than hartzburgites that means that they are 
more serpentinized and contain more secondary magnetite. With the increase of the serpentinization 
process, the magnetization (in particular the remnant magnetization) of dunites and hartzburgites gets 
stronger. This can be explained by the increase of the secondary magnetite and the thermoremnant 
magnetization. The magnetism of the serpentinites has a particularly characteristic: Its values vary in a 
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wide range, from practically unmagnetic to strong magnetic, with values of I r = 70,000- 10"®^ SI units 

and Ij = 3 100- 10"®^ SI units. This phenomenon can be explained by the degree of serpentinization 
because the quantity of serpentines in the rocks does not always determine the quality of secondary 
magnetite (Photo 1, 2, 3, 4). With the increase of the serpentinization process, the magnetization (in 
particular the remnant magnetization) of dunites and hartzburgites gets stronger. This can be 
explained by the increase of the secondary magnetite and the thermoremnant magnetization. The 
magnetism of the serpentinites has a particularly characteristic: Its values vary in a wide range, from 

practically unmagnetic to strong magnetic, with values of I r = 70,000- 10~05 SI units and Ij = 3100- 10" 


05 SI units. This phenomenon can be explained by the degree of serpentinization because the quantity 
of serpentines in the rocks doest not always determines the quality of secondary magnetite. For 
example there is met serpentinites from hartzburgites totally serpentinized and transformed into 
serpentine and less in carbonate, which does not contain secondary magnetite and has Ii=80xl0' 5 units 
SI, I r =200xl0' 5 units SI. 


Photo 1. Serpentinit from dunite, with fissures 
of different ages, chrysotile-asbestos and 
magnetite, Kam deposits. Magnetic susceptibility 
X>3000xl0' 5 units SI. Thin section, enlargement 
35x, Nicoles parallel. (Frasheri A.et al. 2008). 


Photo 2. Serpentinized hartzburgite, with 
dispersed as cloud of Magnetite, Kam deposit. 
Magnetic susceptibility x>3000xl0' 5 units SI. 
Thin section, enlargement 25x, 

Nicoles +. (Frasheri A. 2008). 


Photo 3. Serpentinite from hartzburgite, with 
magnetite in the chain, cloud and grain 
forms, Kam deposit. Magnetic susceptibility 
X>3000xl0' 5 units SI. Thin section, 
enlargement 25x, Nicoles +. (Frasheri A. 208). 


Photo 4. Serpentinite from dunite, with 
magnetite dense belts, Kam deposit. 

Magnetic susceptibility x>3000xl0' 5 units SI. 
Thin section, enlargement 25x, Nicoles +. 
(Frasheri A. 208). 
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These great changes of the remnant magnetization, induced magnetization and of the Q n ratio for 
chrome spinel ores, ultrabasic rocks, in general, and for the serpentinites in particular, is conditioned, 
not only by the contain of the secondary magnetite. These phenomena are conditioned by the 
chemical and mineralogical transformations of the rocks during the serpentinization and by the 
redistribution of mechanical stresses, as well. The effect of dislocations is observed under the action 
of mechanical stresses during the process of the serpentinization, of the dynamometamorphism and of 
the tectonic activity. For example, in Cerruja deposit, the dunites and hartzburgites of the tectonic 
sequence are serpentinized. The serpentine contain, in some cases, reaches from 50% up to 85-90% of 
the rock’s volume. 

Different amounts of secondary grains magnetite can be found along the skeleton network directions. 
Contain of the secondary magnetite in this kind of rocks is 4-5%, while contain of secondary 
magnetite grains inside the mass of the serpentine of the hartzburgites is 0.1 -0.4%. For this reason, the 
susceptibility of this sequence varies in a wide range. The variation curve of the dunites has two 

maximums, one at the value of 120-10"®^ SI units and the other one at the value of 719-10"®^ SI 
units. This means that there are two kinds of dunites: weak magnetic and magnetic. The magnetism of 
the cumulate sequence rocks changes in the plane and in the cross-section. There are alternations of 
nonmagnetic and strongly magnetic rocks. 

Vein rocks, like pyroxenites in the majority of the cases are made up to medium granular to coarse- 
grained enstatite more or less bastitized. The rock is cataclasised and in the jumping and fissures zone 
there is often observed contain of fine-grained secondary magnetite. The magnetism of pyroxenite 
varies within wide limits. However, the majority of pyroxenite are weak magnetic. The values of their 

induced magnetism are (Ij = 350-10"®^ SI units, I r = 150’ 10"®^ SI units) (Table 1). With the increase 

of the quantity of the secondary magnetite, the magnetism increases. The ratio Q n has an average 
value 4,0, but in particular samples up to 114. In these cases, the remnant magnetization has a thermal 
nature, under the influence of the magnetic field of the earth and surrounding rocks. 

Volanic basalts and keratophyres in northern massifs in Mirdita tectonic zone have a remnant 
magnetization that vary 0,061-3,716 A/m, although their magnetic susceptibility is higher, up to 
1 02.500. 10" 6 SI units. Their magnetization is conditioned by content of ferromagnetic mineral 
accessories. In South-East of Albania have been observed a basalt individualization with the remnant 
magnetization I r =l 17,803 A/m. 

Gabbros magnetizations vary in different massifs. In Kurbneshi, at North-East of Albania, the gabbros 
have lower level of magnetization, averagely I r =0,007 A/m and magnetic susceptibility 535. 10' 6 SI 
units. In Qafzezi village, South-Easter of Albania, gabbros have stronger magnetization; I r =52,825 
A/m. 

Analyse of the stereographic projections of the remnant magnetization vector shows that parallel with 
common orientations are observed nearby samples with different orientation, positive and inverse 
negative. Such phenomenon argues the superposition of the isothermal and chemical and thermal 
magnetization on remnant thermal magnetization. 

Petromagnetic studies have shown the presence of inverse magnetization phenomenon for chrome 
spinel ores in some deposits (fig. 6). From this picture, it can be seen that the ores in Kepenek deposit 
(Tropoja ultrabasic massif), are characterised by vectors of remnant magnetization oriented in the 
average azimuth 0=356° and with dipping angle 0=-7O°, i.e. opposite to the direction of the vector of 
remnant magnetization for surrounding rocks. The surrounding dunites the dipping angles of the I r 
vector is averagely 0=60° , where as the azimuth 0=42°. The sample from the dunitic envelope with I r 
vector, preserving the azimuth of direction 0=46° (as in the rocks that are far from the ore body), has 
a negative inclination angle, as in ore 0=-ll°. The petrographic study of the orientated thin sections 
show that along the direction with azimuth of about 45°, is noticed an event more accentuated 
development of the action of cataclasm of the rocks, which is expressed by a great number of cracks 
and microfissures. The majority of the microfissures, especially the most developed, are filled with 
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serpentine of the chrysotile and microantigorite types and with some chrysotile-asbestos vein. There is 
found secondary magnetite concentrated in microfissures, especially in their periphery. Along the 
direction 45°, some prolonged crystals of olivine are noticed in a lying position so the direction of the 
vector I r agrees with the direction of the elements with primary structure (Photo 4.1 1). 


Fig. 6. The inverse remnant 
magnetization (I r ) for a chrome 

ore in Kepenek deposit, Tropoja 
ultrabasic massif. 

(Frasheri A. 1989, 2008). 




Photo 5. Direction of the cataclasis action (a), serpentine veins and 

secondary magnetite conentration (b) in the dunites, Kepeneku deposit. 
Oriented thin section, a) Enlargement 23x, Nicoles parallel; b) Enlargement 
470x, Nicoles parallel. (Frasheri A., 1974). 


The direction of I r vector of the chrome-spinel coincides with the strike of the ore body. The negative 

direction of the inclination of the ore’s remnant magnetization vector may be explained by the self 
inversion inside the spinel; or as a consequence of the demagnetization action of the magnetic field of 
the surrounding rocks (when the ore body was created after the process of the crystallization of 
surrounding rocks). These rocks were already magnetized and the ore was magnetized under the 
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action of the demagnetising field of the surrounding rocks (Fig. 7). Under the thermical influence of 
the ore matter, in the dunitic envelope of the ore body the direction of the I r inclination has changed. 



Fig. 7. Distribution of magnetic lines in the space between two bodies 

near each other, with the magnetization vectors in the same direction and sense. 


There are some geological facts that are in the favour of this idea: Among the ultrabasic rocks there is 
also met chrome spinel ore, with a surface surrounded by 2-3 mm dunite salbande, yellow colour 
unlike the for dunites, which are more or less green (Photo 4-12). The microscopic study of the 
polished section has shown that chromite intercalates in the olivine and the part near of the contact is 
more serpentinized than the other part. This phenomenon shows the thermal influence of chrome 
spinel on the surrounding olivine. Apart this phenomenon there is also met ore that has cemented 
regular pieces of olivine (Photo 4-13). The mineralographic study showed that the order of the 
formation of the minerals is olivine-chrome spinel ore. Olivine has been recrystalized before the 
chrome spinel ore. There are also noticed intercalations of the chrome spinel veilets in small 
dimensions in the olivine mass. Many other scholars have reached also the same conclusion on the 
relative later formation of chromite spinel ore and have proved this thesis in many publications (£ina 
A. et al. 1966, £ina A. 1970, Dede S. 1965). 


Photo 6. Surrounding yellow olivine salbande 
on chrome spinel ore, Kepenek deposit. 
(FrasheriA. 1974). 



Photo 7. Chrome spinel ore has cemented 
irregular olivine pieces, Kepeneku deposit. 
(Frasheri A. 2008). 
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The reversal of the remnant magnetization vector has been also noticed in some other deposits, such 
as in Kam (Tropoja), Fushe-Kalt (Bulqia) etc. 

In cumulate sequence and the surrounding dunite and hartzburgite rocks (for example in Cerruja 
deposit, Bulqize) have observed a normal vector of remnant magnetization. This vector has a 
downward direction and a dip angle of 40°. This shows that the ore bodies have been created at the 
same time with the cumulate sequence rocks. 

Although these differences of the ophiolite magnetization, for some massifs is preserved approximate 
orientation of the vectors of remnant magnetization (Fig. 8). Predominant orientation of remnant 
magnetization vector have and azimuth D=284° for pillow lava and D=297° for volcanic basalts in 
central part of Mirdita zone. Azimuth D=267° of the magnetization vector have gabbro of Kurbneshi 
massif in this part of Mirdita zone. 

In contrary with volcanic rocks and gabbros of central part of Mirdita zone, fig 4 are presented 
depandance the hartzburgites are represented by a dispersion of the azimuth of magnetization vectors 
in large limits in Bulqiza ultrabasic massif, D=60° - 300°, as well as preserve the positive sense of the 
vectors. This great variation of the direction of azimuth of magnetization vectors is conditioned by 
serpentinization process of he ultrabasic rocks, iven or low lewel of the serpentinization. 

In the North-Erstern edge of the ophiolitic belt of Albanides, in he Komani site, the volcanic rocks 
have e clockwise rotation, analogue with External Albanides (Fig. 8). 

Have been received interesting result from the thermal cleaning and demagnetization in the magnetic 
field of the alternative electrical currents of the sample from the gabbros massif in Qafzezi, South- 
Easter region of Albania (Fig. 8). The orientation of the magnetization of gabbros in Qafzez Massif in 
South-East of Albania, has an useful magnetic signal after cleaning and demagnization, has a vector 
with I 2 =60.9° and azimuth D 2 =282°. This direction is approximate with orientation of the magnetism 
vector of the gabbros massif in Chalkidiki, Greece, D 2 =312° and 1=68°. The ophiolitic belt of the 
Chalkidiki was undergone two tectonic phases: first a counterclockwice rotation during Later 
Jurassic-Lower Cretaous and the second one a clockwise rotation during Terciary (Edel J.B. et al., 
1991). 

4. Conclusions 

Based on petrophysical properties of the ultramaphic rocks and chrome ores it was concluded: 

1 . The physical properties of the ultramaphic rocks vary within broad limits and only in some cases a 
group of rocks can be differentiated by its physical properties from the surrounding rocks. The 
cumulate and the tectonic sequences are discriminated. These groups of rocks can create 
geophysical anomalies comparable with the ore body anomalies. 

2. Fresh rocks are not magnetic. The magnetism of serpentinites changes within wide limits. They are 
usually magnetic and sometimes strongly magnetic. Non-magnetic serpentinites can also be found. 
The dunites of cumulate sequence are more magnetic than the other rocks. 

3. The ultramaphic rocks can be distinguished from the surrounding rocks and from each other by 
their magnetism only if they have different degrees of serpentinization. 

4. In some deposits and occurrences is observed inversed vector of magnetization. In these cases, the 
negative magnetic anomalies can observe over the magnetic chrome spinel ores. 

5. The study of the orientation of the remnant magnetization vector of the ores and the surrounding 
rocks can be used as a supplementary information source about their formation conditions and 
consecutive changes in time. 
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Fig. 8. Declination of the magnetization vectors of 
the ophiolite belt in Mirdita tectonic zone of the 
Albanides. 

Tectonic zones: 

Internal Albanides : 

M- Mirdita zone 
G- Gashi zone 
Ko- Korabi zone 

External Albanides : 

A- Albanian Alps 
K-C- Krasta-Cukali zone 
Kr- Kruja zone 
J- Ionian zone 
S-Sazani zone 
U- PeriAdriatic Depression 

Magnetic declinations'. 

1- J > 0 Ultrabasic rocks 

2- J < 0 Ultrabasic rocks 

3- J < 0 Gabbro 

4- J > 0 Gabbro, remnant magnetization 

after demagnetization 

5- J > 0 Volcanic rocks 

6- J < 0 Volcanic rocks 
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INTRODUCTION 

The paper presents the environmental 
problems of Prespa Lake system, which is 
the pearl of Western Balkan region. 

This system is composed of Micro and 
Macro Prespa Lakes, and present an important 
limnological object. 

Prespa’s hydrographic network is located in the 
three-state border area: between Albania, 
Macedonia and Greece, which have the common 
interest for maintaining and recuperating the 
special natural hydro-ecological values of 
European dimensions in this area. 



GENERAL AREA DATA 

The study area it is part of 
three Lakes System: 

-Micro Prespa (1), 

-Macro Prespa (2), and 
-Ohrid (3). 

These lakes are located a t 
the foot of the rocky Dry 
Mountain, Galicica Mountain 
in Macedonian territory, 
which has a maximal altitude 
of 2287 m. 













Micro Prespa is a two- 
national lake, lying in 
the territories of 
Albania (12.1%) and 
Greece (87.9%). 

Micro Prespa has 
a surface 43 km2 
I ts maximal depth is 8 
m. 


Micro Prespa 
Lake 






Prespa Lakes have great and special ecological 
values: 

- picturesque nature, 

- particular climate, 

- rich biodiversity, 

-extremely complicated karstic hydrography, 

- high transparency of dark blue 

- waters and uncommonly diversified, beautiful 

coastline. 

-very rich biodiversity. 

Prespa Lakes has a very important influence in 
the general water balance of the Ohrid Lake. 




INTEGRATED STUDY METHODOLOGY 


I 


Environmental impact and ecosystem 
destructions of Micro Prespa Lake have been 
studying by a multidisciplinary complex 
methods: 

■ remote sensing analysis, 

■ hydrographical and limniological studies, 

■ hydrogeological, geological, and in particular 

neotectonics surveys, 

■ biological, and environmental investigations. 

Special attention was being paid for the analysis 


of the uncontrolled hi 







■ Particular attention was given to 
estimation of the: 

■ multi annual hydrological parameters of 
lakes and atmospheric conditions, 

■ solid sediment transport from Devolli river 
at Micro Prespa Lake, 

■ chemical contamination of river and lake 
water by chemicals used in agriculture. 

■ the investigation of karstic phenomenon 
and 

■ circulation of groundwater through karstic 
space. 



REVIEW ON AREA GEOLOGY 





Tectonic’ s origine of Micro Prespa Lake 




l.egende 
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lake 
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Limestone 




Disjunctive tectonics 



Uitrabasic lock 





■ Prespa Lakes are located in the piedmont 
of a horst of the carbonate structure (T3-J1 ) of 
Dry Mountain, which are intensively tectonized. 



In the northwest of Macro Prespa Lake 
Pliocene clay and sandstone deposits are 
settled. Placers deposits, clay, argillite, clayed 
sand, sand, gravel, cobbles, broken stone of 
recent Quaternary are located over the 
Pliocene clay-sandstone and Eocene flysh 
lakeshores. 

Ultrabasic rock individualization interrupts the 
Albanian side of Micro Prespa Lake. Ultrabasic 
rocks have a tectonic contact with limestone. 




The Pliocene terrigene continental deposit 
shown that was deposited in the inter- 
mountain lakes and in the deltas of the rivers 
which was flowed in these lakes. This fact 
demonstrated that under the neotectonics 
development, following contrast relations of 
the uplifts and plunges has been created the 
depression where are sediments the 
deposits . 

These lakes started to form during the 
Pliocene about 5.5 million years ago and 
were completely formed in Holocen period. 





Limestone landscape is typically karstic, 
rugged microrelief, karstic channels, fosses, 
and caves. Karstic activity was developed at 
the same time . So both, tectonic and karst 
development have been created the conditions 
in formation of the Macro and Micro Prespa 


A 


- 









■ Area-geological settings is the main factor that 
conditioned lakeshore stability of the Prespa lakes. 
High and abrupt lakeshores are located at 
limestone’ s sectors . 

■ Relatively un-stable are lakeshores in the 
Quaternary, Pliocene clay-sand’ s deposits or 

■ Eocene flysch sectors. 

■ There was intensive 

■ erosion in all Prespa 

■ area rocks so a great 

■ quantity of alluvial 

■ sediments is carried 

■ and deposited to 
m the bottom of these lakes. 


UNDERGROUND WATERS RESOURCES 


■ Prespa district is rich in subterranean water resources 
which are linked with the existence of the two Prespa lakes, 
masive karstified limestone of Dry Mountain and the 
precipitation water infiltration in to karstified limestone. 
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■ In the western slope of 

■ Dry Mountain there is a series 

■ of karstic springs. Their yield 

■ are determined by very 

■ developed underground 

■ karstic connections and water 

■ circulation with a big yield, 

The springs which emerge in the 

Saint Naum lakeshore, in the Ohrid City in Macedonia, and in 
Drilon, Tushemisht etc. in Albanian territory, or those at the 
bottom of the Ohrid Lake, have a general yield of 12-15 m3/sek. 
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But, alluvium which have sedimented in Micro 
Prespa lake floor has closed the underground 
water flow connections of some springs that are 
situated under the lake level. 


MINIMAL WATER LEVEL OF MACRO PRESPA LAKE 
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••According to the isotopic hydrogeological 
studies it results that it is the same content of the 
180 isotope of the oxygen and deuterium in the 
Ohrid and Prespa Lakes, and Tushemishti and 
Saint Naum springs). 



Biodiversity and present legal 
protection status 

■ The Prespa area envrironment is aride. The Flora - 
vegetation and forests with 71 sorts of trees, shrubbu 
trees, and the aquatic bed plants extend in some 
sectors: 

■ The aquatic bed plants: Caratophyllum sp., 
Myriophyllum sp., Lemna Minor, Nymphaea Alban, etc. 



The trees: Salix sp, Querqus Cerris, Querqus 
Pubescens, Querqus Petrea, Fagus Silvatica, Oatria 
Caprinifolia, Fraxinus Ornus, Carpinus Betulus, Acer 
Pseudoplantanus, Pinus Nigra, Abies, etc. 


■ The Emergents:Carex sp., Trifolium sp., Phragmites 
australis, Tupha sp., Scirpus sp., etc. 


■ The fauna of the Prespa Lakes distinguished 
by: 

■ Rare fish Rutilus prespensis,Chordrostoma 
prespensis, etc. 

■ Birds : Pelecanus criptus Bruch (Photo 6 a,b), 
Pelecanus onoctotalus, Pholacrocorax etc. 

■ Mammals are habitants of the Prespa area, 
as Rhinolophus ferrumequinum, Pipistrellus 
nathussi, Glis glis, Canis lupus, etc. 

■ The Polygonetum amphibii are very 
sparseness associacion in the Prespa lakes. 

■ The pelagic zooplankton community of 
Microprespa Lake consists of 43 species. The 
main representatives of the zooplankton are 



Prespa Zone has great historical values: has been 

inhabited since prehistoric times. 

TRENI Prehistoric Cave 
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in the 

southwestern 
lakeshore of Micro 
Prespa 





The prehistoric 
paintings in the 
coastal limestone 
cliffs of Micro 
Prespa Lake 







ANTHROPOGENOUS IMPACT 


Unfortunately, anthropogenous activity has greatly damaged the 
ecological values of Prespa Lakes system for a long time (Pano, 
N. and Frasheri, A: 2000): 

The construction of the hydrotechnical works: 

Supply of Micro Prespa lake with Devolli River water Network 

channel (1976), 

for the irrigation of 

the plants, 

Opening of new 

agricultural land 

against agrotechnical criteria, 

♦ Discharge of polluted urban 

♦ and industrial water into 
„♦ this system etc. 




Mlonthly distribution of hydrological parametrs 

of the Devolli River 


Devolli River, which is one of very turbid rivers: 

-Waters of Devolli River have a mean mineralization M = 483 mg/I 
- Granules with a diameter less than 0.02 mm have predominated 
in this sediment. 

-Granules with a diameter less than 0.002 mm are up to 14% of 
this sediment mass. 

-Great amount of Devolli River waters flowing in to Micro Prespa 
Lake during the winter. 


A considerable amount of 
solid matter enter in to 
the Prespa Lake and were 
decented in the lake. 
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The influence of the hydrotechnical 
constructions on destruction and ecological 
stress of the Micro Prespa Lake. 



The channel, costructed in 1976 has a water capacity 
Q=10 m3/sec to supply Micro Prespa Lake with Devolli 
River water during the winter 

30-70 million cubic meters water a year was discharged 
into Micro Prespa Lake through this channel. 

The maximal water hyplometric level in the lake was 852.2 
m at end of the supply period. 

During the summer, the lake water has been used for the 
irigation of Korga and Devilli plains, with a surface of 

22 500 ha. 


The maximal quote of exploitation, by the project has been 
850.2 m.and can be used 90 milion cubic meters of water. 


■ To avoid alluvium a decanter, have been constructed, 
which in reality doesn’ t work. Studies have shown that 
Devolli River water flows undecanted into Micro Prespa 
Lake, depositing about 1.2 million cubic metters of 
alluvium, which has resulted in lowering of the water 
volume, lake surface and drastically damaging the lake 
ecological values. Being free of alluvium, but not by the 
chemicals, the water flows into Macro Prespa lake, 
convertina into international waters. 




In these condition Devolli River-Micro Prespa 
Lake irrigation system ist' n scientifically based 
not only on environmental engineering but also 
but also on hydroeconomial and international 

! rights laws. 

■ 

■ 

Water quantities taken from Micro Prespa in 
summer, especially during the last years, have 
been les that 10% of the volume of the water 

« inserted into the lake. So for ex., in 1997, only 2.3 
million cubic meters was taken away instead of 90 
million cubic meters projected to be taken. This 
happened because Micro Prespa Lake 
communicate with Macro Prespa Lake through a 
channel in Grrece. 



Turbid water of Devolli River upon flowing in Micro Prespa 
Lake decant in it, ruining it and, being free of alluvium, 
flow in Macro Prespa 


I • / S s (4!v 

I / * V i 









Albanian side of Micro Prespa Lake 
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Underground water resources and springs 

■ Lacustrine alluvium has coated all shallows of Micro 
Prespa lakeside and has blocked its underground water 
ways. As a result water balance of Micro Prespa Lake is 
ruined and drinkable water springs yield is diminished. 
There are springs such as Ventrok that had a great 
discharge of 13.8 l/sec before the lake was stuffed with 
sediment deposition that is drying up. 




Damages of the biodiversity 

Micro Prespa Lake has great problems of 
eutrophism . Eutrophication processes are 
promoted by enrichment in nutrients. The direct 
consequence of such addition is represented by a 
change in biodiversity. 


Another negative aspect is the 
penetrating of a considerable 
quantity of toxic remains and 
absorbed coal organic material 
by the drainage of Devolli farm 
grounds and by geological 
section outcrop. 




The lake water content nitrite, nitrate, ammoniac, 
phosphate, carbonate, and organic material. 
Chemical change of the water has been observed 
up to a distance of some hundred meters, from the 
southwester edge of lakeshore to inside of the 
lake. This changes the lake water features and 
degrades their habitats. 

Habitat loss and deterioration of over the last five 
years are the major factors causing serious threat 
to plants and animal species. 


OTHERWISE OF ALBANIAN TERRITORY IN 
THE PRESPA AREA - AS A CONCLUSION 


The uncontrolled human activity have helped 
sediment deposition of about 1.2- million cubic 
meters into Minor Prespa Lake, diminishing the 
water volume and the surface of this lake. 
Albania has not any part in Micro Prespa Lake in 
this pearl oof nature. Jr is the otherwise of the 


Albanian territory., violating constitution or 
Republic of Albania. 


This destruction of the Albanian side of 
Micro Prespa Lake has an influence on all water 
volume of this transborder lake, with international 
status, as Ramsar Convection, International Park 
and Soecial Protection Area-79/409/EEC. 


Being scientists, we made an appeal to 
local community and government, state 
government and scientists of different fields to 
take urgent measures to regenerating Albanian 
Micro Prespa area, improving the life of the 
local inhabitants and transforming the district 
into a wonderful tourist place. 
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Impact of the Climate Change on Adriatic Sea 
Hydrology 



Pano Niko, Frash^ri Alfred, Avdyli Bardhyl and Hoxhaj Fatos 


Abstract 

In the paper there are presented the impact of the climate change on Adriatic Sea hydrology. 
The study is based on the results of inversion of 6 thermologs data for the ground surface 
temperature history in Albania, and climate change according to the meteorological data from 
different regions of Albania. The wells and the meteorological stations are located at the field 
region in the west of Central Albania and in the mountainous region of the northeast Albania. 
Ground Surface Temperature history presents a gradual cooling before a middle of the 
nineteenth century, followed by 0.6 K warming. This warming mainly after the second half 
of the twentieth century is presented also by meteorological data. The warming has caused its 
impact on country climate, inland and coastal water systems and ecosystems of the Albania, 
and to the Adriatic Sea hydrology. 


Keywords 

Ground temperature • Climate changes • Hydrology • Hydrographic system • Adriatic sea • 
Environmental impact 


72.1 Introduction 

Water discharge from the Albanian Hydrographic System 
into Adriatic Sea is one of the main factors, which deter- 
mined processes of the forming and circulation of the 
Adriatic Sea water mass. Analyze of the factors that con- 
ditioned water discharge and their impact on Adriatic Sea 
Hydrology are presented in the paper. 
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In the first part of the paper is presented detailed ana- 
lyzes of the climate in Albania, the ground surface history 
(GSH) and paleoclimate change according to the tempera- 
ture measurements in the different wells in Albania. Climate 
changes during the last half of the twentieth century has 
been analyzed also based on the meteorological data. In 
paper is estimated continental water flow, created by 
atmospheric rainfalls and its impact on processes of the 
forming and circulation of the Adriatic Sea water mass has 
been analyzed. 

According to the complicated nature of the Albanian 
Hydrographic System, in the second part of the paper, is 
presented the analytical methodic for estimation of the total 
continental water flow in this system. 


72.2 Materials and Methods 

Climate change are analyzed in two directions: firstly by 
temperature record in the deep wells and shallow boreholes, 
and secondly by the meteorological observations data. The 
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ground surface temperature reconstruction for long period, 
about 5 centuries, has been performed by estimation of the 
ground surface temperature changes at the past, according 
to the present-day distribution of the temperature at the 
depth, recorded in the borehole (Frash^ri 1995; Frash^ri and 
Pano 2002; Frash^ri et al. 2008). Six thermoplots were used 
for inversion of the ground surface temperature history. 
Wellsare located at the plane region in the west of Central 
Albania, and in the mountainous region of the northeast of 
the Albania. 

Air and ground temperatures, total annual rainfall 
quantity, wind speed and wetness, which are analyzed by 
records in Meteorological Stations. These stations are 
located in different plane regions (Shkodra, Tirana, Kugova 
and Fier) and in mountainous region of Albania (Kukes), 
where the investigated wells are situated (Albanian Climate 
1978; Boric^i and Demiraj 1990; Gjoka 1990; Mici et al. 
1975, the data for 1985-2000 after Mustaqi V). 

Water potential of the Albanian Rivers System have been 
evaluated by a specific way, because this System is very 
complicated (Pano 1974, 1984, 2008). Albanian River 
System represents in general a mountainous hydrographic 
network, with an average altitude 785 m above the sea 
level. Part of Albanian Hydrographic Network are lake 
system, Prespa-Ohri, and Scutary. A karstic phenomenon is 
very intensive in the limestone formation, which is extended 
in great surface of the country. The monitoring network has 
more than 22 meteorological and hydrometric stations, 
during the observed period 20-100 years. 

Estimation of run-off discharge (Qi) are performed for 
two categories of river basins, with different hydrographical 
and hydraulical natural conditions: 

1. Water system: Scutary Lake-Drini River-Buna River, 
where the run-off discharge Qi is computed by 
Qi = F(Hi,Qi), where Qi represent the discharge of the 
lateral source. 

2. Drini, Mati, Ishmi, Semani, Vjosa River systems, etc., 
where the run-off discharge Qi is computed by Qi-f(Hi), 
where Hi- level in the river Qi = f(Hi), where Hi is 
altitude of the water level river (i) section. 

The hydrographical complex Scutary Lake-Drini River- 
Buna Riveris is very complicated and unique for its 
hydraulic regime, this particularity has made necessity of 
the estimation of the water flow of Buna River, based on 
hydraulic conditions: 

The discharge of the Buna River, when it flows away 
from the Scutary Lake Q2 depends not only from the level of 
the water H2, but also on the level H2 and the Drini River 
discharge into the Buna River Q4. So, the only possibility to 
calculate the discharge of the Buna River Q2 is to find the 
connection Q2 = f(H2, Q4). The Q2 = f(H2, Q4) corre- 
spond to the results obtained through the hydraulic calcu- 
lations the dependence Q3 = f(H3), topomorphometric 


data, and the hydraulic parameters of the rivers discharge are 
the basic dependence of this calculation. Giving standard 
values to the discharge Q 4 equal to 50, 100, 300, 1500 m 3 /s 
and salving the dependence of Q 2 as an explicit function 
from the Scutary Lake level H 2 and the Drini discharge Q 4 , it 
was made possible to from a single family of the countable 
curves of the Buna discharge in the Scutary Lake. 

The phenomenon of dry and wet years has always had a 
significant role and great interest. All modeling and calcu- 
lations have been performed for the model of dry and wet 
characteristic years, to analyze the climate impact on 
Albanian Hydro-graphic System. 

Processes of the forming and circulation of the Adriatic 
Sea water mass have analyzed based on hydrographic data 
and Results of Albanian Marine Expeditions “Saranda 
1963”, “Patosi 1964” for the wet years (Pano 1974), and 
Italian — Albanian Expeditions “Italica I and II, 2000 and 
2001” for dry years (Pano 2008). 


72.3 Results and Discussion 

The ground surface temperature (GST) history, yielded by 
tighter inversion of Ko- 10, at coastal plane region of 
western Albania, presents a gradual cooling of 0.6 K, before 
a middle of the nineteenth century (Pig. 72.1). Later fol- 
lowed by 0.6 K warming, with a gradient 5.4 mK/years, 
that seems quite reasonable and is consistent with generally 
accepted ideas about the climate of the last 2-3 centuries. 
GST history of boreholes, which are located in the moun- 
tainous regions of Northeast Albania, presents some chan- 
ges, which are observed in these regions as to the cooling of 
0.2 K during the nineteenth century. Later, was observed 
the warming trend of 0.6 K during the twentieth century, by 
a gradient 6.7 mK/year. Warming gradient increasing at 



Fig. 72.1 Ground surface temperature history according to thermo- 
plot of Ko-10 and Arza-31 wells 
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Fig. 72.2 “The Bridge” of 
continental water in the Adriatic 
Sea. 1. Adriatic deep water mass, 
2. Eastern adriatic superficial 
water mass, 3. Intermediate 
levantine water mass, 4. Northern 
adriatic water mass 



mountainous regions, in comparison with coastal areas, is 
caused by intensive deforestation during the last half of 
twentieth century. 

Climate changes in Albania are observed also by the 
meteorological studies. Thirty quarter of twentieth century 
is characterized by a cooling of 0.6 °C, and later, up to 
present a warming of 1.2 °C. The warming trend is not a 
monotone one, in short intervals are observed cooling and 
warming (Borigi and Demiraj 1990; Demiraj et al. 1996). 
Warming trend of maximum 1.2 °C, in particular after 
70 years, is observed in all Albanian territory. Warming of 
the soil is more intensive than air warming. 

The warming period in Albania is accompanied with 
changes of the rainfall regime, wind speed and wetness. 
There are observed a decreasing of the total year rainfall 
quantity, for about 200-400 mm. In the dependence of the 
geographical location of the areas changes the cross corre- 
lation of the rainfall quantity: Tirana area with Shkodra area 
C c = 0.62, with Korga C c = 0.81, Kugova C c = 0.66, 
Kukesi C c = 0.88, Gjirokaster C c = 0.88, Vlora C c = 0.53, 
during the period of 1930-1970. The warming have 
accompanied with decreasing of the wind speed about 
1.5 m/s and 5 % increasing of the wetness, during the 
period of 1950-1994. 


This warming is part of the global Earth warming during 
the second half of twentieth century. Its impact has been 
observed also on water systems and water resources. Inland 
water resources change has its impact on the hydrographic 
regime of the Adriatic Sea. These processes, in the partic- 
ularly intensity of the penetration of the Levantine hot and 
saline waters in the Adriatic Sea through Otranto Strait, for 
long time period have been explained by the external phe- 
nomena from this sea. Has been supposed that Adriatic Sea 
doesn’t participate in this penetration. 

Based on two Albanian Oceanographic Expeditions have 
been collected data related to the mechanism of the forming 
and circulation of the Adriatic Sea water (Pano 1974, 2008). 

The water potentials of Albanian rivers system is 
Wo = 41.249.10 9 m 3 that correspond to a mean annual 
discharge of Qo = 1306 m 3 /s. So, Albania is one of high 
specific water potential in Mediterranean. The multi annual 
data have arguments that the total discharge of the Albanian 
rivers system in the Adriatic and Ionian Seas varies in very 
wide limits. Minimal discharge is 700-800 m 3 /s for the 
hydrological dry years of low precipitation, up to maximal 
values 1900-2200 m 3 /s for the hydrological wet years of 
high precipitation. Buna River is one of the most important 
rivers of the Mediterranean Basin. This river, together with 
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Po River in Italy, are determinant in the water balance of the 
Adriatic Sea. 

The oceanographically situation of the wet years 
1963-1964 has been characterized by formation of “The 
Bridge” with continental water in the Adriatic sea 
(Fig. 72.2). “The Bridge” is closely linked with the inten- 
sity of the river flow (Pano 1974). The eastern water mass 
are formed in SE Adriatic Sea area by the discharge of the 
Albanian rivers, and the Adriatic North water masses are 
formed by the discharge of Po River, Italy. This “Bridge”, 
includes not only the surface layer, but also the Levant 
Intermediate Water (LIW) up to 600 m. depth. Low salt 
content and density of the seawaters are observed over “the 
bridge”. This phenomenon has a complex and an important 
influence on many dynamics aspects of the formation 
Adriatic Deep Water (ADW), the deportation Levant 
Intermediate Water (LIW), and the monitoring mechanism 
of water into Otranto Street. 


72.4 Conclusions 

1. The climate at coastal plane region of Western of 
Albania was cooled of .6 K before of middle of nine- 
teenth century. Later a warming of 0.6 K occurred, from 
last quarter of 19th until present-day. In northwestern 
mountainous region of Albania confirmed also a climate 
warming of 0.6 K during twentieth century. 

2. The rainfall regime changes have their consequences in 
the fresh water resources of the country, of surface’s and 
underground waters. 

3. Warming has caused its impact on country climate and 
ecosystems. There is observed a decreasing of the water 
resources of the country, and thermal stress in the wet- 
lands, lagoons and lakes. 

4. The oceanographically situation in the Adriatic Sea is 
characterized from the formation of “The bridge” with 
continental water in the Adriatic Sea. “The bridge” is 
closely linked with the intensity of the river flow. 
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Outlook on Seawaters Dynamics Factors 
for the Albanian Adriatic Coastline 
Developments 

Pano Niko, Frasheri Alfred, Avdyli Bardhyl and Hoxhaj Fatos 



Abstract 

Results of integrated offshore and onshore hydrographical studies in Albanian Adriatic 
Littoral are presented in this paper. According to the geophysical and geological marine and 
onshore surveys, geodesic and bathy metric mapping has study different geomorphology and 
setting of Albanian Adriatic Shelf and coastline. Accumulative coastlines are extended at 
plain areas. Beautiful sandy beaches and dunes are main elements of these areas. Marine 
Quaternary deposits from plain sea floor up to some kilometres in the land have e thickness 
from some to hundred meters. Narta, Karavasta and Kune-Vaini Lagoons are located in plain 
area of the littoral. These lagoons are formed in some sea bays, which are closed by solid 
sediments transported by rivers to the sea. Erosive coastlines are extended in the hilly base of 
some capes. Sandstone banc are extended in the sea floor. Neotectonics development at the 
present has caused submergence of two sectors to the accumulative areas. 


73.1 Introduction 

The Albanian coastal area has its environmental individu- 
ality, and a perfect ecological balance. River mouths and 
deltas, lagoons system, abandoned riverbeds, inland, marsh 
labyrinths, sandy beaches, dunes covered with vegetation, 
dense forests represent an important and particular natural 
area of great international values. 

Albanian littoral represent continuation of coastlines of 
two major paleogeographic zones: Erosion Coastline of 
Ionian tectonic zone in the southwestern part of Albania, 
and Adriatic Coastline of Peri-Adriatic Depression in the 
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central and northwestern part of Albania. There are three 
different segments: Accumulative segments, erosive seg- 
ments, and submerged areas, where is observed marine 
transgression toward the mainland. 

The Adriatic coastline geomorphology and dynamics are 
conditioned by geological setting of the western side of 
Albanides, the neotectonic developments. Very important 
role has the dynamics of the seawaters and solid material 
solid discharge from Albanian River network to the Adriatic 
Sea, and their deposition along the coastal zone. 


73.2 Material and Methods 

Albanian Adriatic Coastline developments study is based on 
integrated marine and onshore surveys results. 

73.2.1 Hydrological and Hydro- 
Geomorphological 

Studies represent the interpretation of the information of 
Albanian hydrometric network during the observed period 
of 20-100 years. 
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73.2.1.1 Hydrological Studies 

Temperatures, water levels and discharge into the Adriatic 
Sea, suspended material discharge; alluvial granulometric 
composition, chemical composition etc. were observed in 
main Albanian rivers. Estimation of run-off discharge (Qi) 
are performed for river basins with different hydrographical 
and hydraulic natural conditions. 

73.2.1.2 Hydrogeomorphological Studies 

Hydrogeomorphological studies were performed to evaluate 
the geomorphologic characteristics, evolution and migration 
of Albanian Adriatic coastline, The geomorphological 
regime of the Adriatic. Limnological observation on the 
Albanian lagoon system were performed in hydrometric 
stations in Butrinti, Karavasta, and Narta lagoons, by peri- 
odical expeditions. 

73.2.1.3 Oceanographic Studies 

Oceanographic studies have been carried out in 59 hydro- 
metric stations. Oceanographic expedition were organized 
in the Southern Adriatic and Northern Ionian. 

73.2.1.4 The Integrated Geological-Geophysical 

Marine geological mapping and integrated offshore geo- 
physical surveys have been performed using reflection 
seismic, electrical soundings and profiling, magnetic 
radiometric surveys. 

73.2.1.5 Climate Change 

Climate change was analyzed by ground surface tempera- 
ture history, using the temperature record in the wells, and 
by the meteorological observations data. 


73.3 Regional Hydrographic Outlook 
on the Albanian Littoral 

The Albanian coastal area lies on the east side of the 
Southern Adriatic Sea, from Shengjini to Vlora bays and 
Northern Ionian Sea, from Vlora to Saranda bays at the south 
(Fig. 73.1). The coastal line length is 447 km. The water 
basin of this network is 43,305 km 2 , from which 28,550 km 2 
is inside of the Albanian state territory. Albanian River 
System represents in general a mountainous hydrographic 
network, with an average altitude 785 m above the sea level. 
The hydric resources of Albania are 41,249 x 10 9 m 3 water, 
which correspond to a module of 30 liter/s. 1 km 2 . 

73.3.1 Adriatic Coastline 

Adriatic coastline is lies over the Neogene Peri-Adriatic 
Depression, covered by Quaternary deposits, in western 


plain areas. Flattened accumulative coast is general char- 
acteristic of this coastline. There are also some marine caps 
with cliffed coast. The caps are located in the sectors where 
the Neogene molassic structures are abrupt by coastline and 
continues in the Adriatic Sea. 

73.3.2 Outlook on Albanian Littoral Hydrology 

The water flow of the hydrographic network of the Albanian 
rivers to the sea varies in wide limits. The discharge of the 
Albanian rivers into the Mediterranean Basin varies in very 
wide limits, from Q 0 = 700-850 m 3 /s for the hydrological 
years of a lower precipitation up to Q 0 = 1850, 2150 m 3 /s 
for the years of a higher precipitation. The volume of sus- 
pended material, which is transported through river net- 
work, is 65,7 x 10 6 ton/year, while the turbidity 
Q 0 = 1,260 gr/m 3 . The flow module of the suspended 
matter on the catchment surface of the Albanian rivers is 
R = 1,260 ton/km year. (Pano 1984). The river suspended 
matter deposits itself the river mouth in the Adriatic Sea. 
This process is very dynamic, making river’s mouths very 
active. The period with the wave height of = (0,l-0,2)m 
represents about 80 % of the general cases, while the height 
of H = (0.2-4. 5)m about 20 % of them for the average 
multi annual year. The highest waves have a direction from 
Northwest to West and a maximum wave height about 
h = 3. 5-4. 5 m near shore. Sea level has an average daily 
amplitude 0,30-0,40 meters and a multi annual maximal 
amplitude h = 1,14-1,53 m. Intensive winds with their 
maximal speed of 40-45 m/s. The average annual temper- 
ature of the water varies from t = 17,7-19,2°C. 


73.4 Analyze and Results 

73.4.1 Albanian Adriatic Coastal Areas 

Adriatic coastal line has the marine accumulation flattened 
coast, the marine erosion coast, and the submerged areas. 

73.4.1.1 Accumulative Areas Represents Main Part 
of the Coastline 

Accumulative areas represents main part of the coastline are 
extended over the edge of western Albanian plains. This 
littoral is characterized by presence of the different genetic 
types Quaternary (Q) (Frasheri et al 1996, 1994; Thereska 
1981). Sandy littoral belt along the accumulative littoral 
have a width up to 5 km. Sand dunes are situated along this 
belt. Sand dunes belts have a length of 25 km and an 
average width more of 50-100 m. Generally, the granul- 
ometry of quartzite sand deposits represented by fine sand. 
Very beautiful sandy beaches are extended in accumulative 
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Fig. 73.1 Geomorphological 
Scheme of Albanian Adriatic and 
Ionian Seas coastline. (Digital 
Terrain Model, National 
Geophysical Data Center 
(NGDC), Geodas database, 2005. 
1 Accumulative coastline; 2 
Erosion coastline; 3 Submerged 
littoral zone; 4 Shoal shelf area 
with sand deposits; 5 Flat shelf 
area with sandy-silt deposits; 6 
Inclined shelf area with muddy 
silt and deposits; 7 Continental 
slope with argillaceous 
sediments; 8 Isobaths; 9 Western 
flank of the South Adriatic 
Sedimentary Basin. 1 
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coastal areas. In the accumulation coast the flat shelf sinks 
gradually up to the depth 100 m. Over there, the majority of 
deposits represents by sand and silt. 

73.4.1 .2 Erosive Zones 

Erosive zones were developed in accumulation littoral of 
Adriatic shoal. In the erosion coast, usually, the sea bottom 
is sandy. Durresi-Kepi Palles area is one most typical 
erosive segment. Durres-Kepi Palles coastline is extended 
along the western flank of the Neogene molasses anticline. 
Western fold flank are lies under the Adriatic Sea waters. 
(Aliaj 1989; Frasheri et al. 1996). Zvemeci hilly zone is 
located at northwestern direction of Vlora Bay. The Tor- 
tonian molasse Zvemeci hills chain from the isle separated 
Narta lagoon from the Adriatic Sea. 

73.4.1 .3 Submerged Areas, Where is Observed 
Marine Transgression Toward 

the Mainland 

Semani beach at western Albanian region and Patoku beach 
in the southern side of the Shwngjini Bay represent sub- 
merged areas within accumulative coastline. Submerged 
process is caused by the neotectonics activity, consequently 
there are observed a marine transgression (Aliaj 1989). In 
Semani beach coastal water line has a ingression of 305 m 
toward the mainland, with a gradient 9.4-8. 1 m/year. 

Second submerged area is observed at the Patoku beach, 
between Ishmi River Mouth at the south and Mati River 
Mouth at the north. During the period 1972-2012 coastal 
water line has a ingression of 175 m toward the mainland. 

73.4.1 .4 Lagoon Area 

Lagoon area has a total surface of about 150 km 2, while the 
volume over 350-million m 3 water. The most important 
lagoons are those of Karavasta, Narta, Butrinti, Viluni etc. 
Albanian lagoons represent crypto-depressions, with the 
floor under the level of the sea’ s bottom. The lagoons rep- 
resent the new lakes. Its creation started during Pliocene 
Period, some 4-5 million years ago, and its creation lasted 
during the Quaternary Era till our days. 

73.4.2 Impact of the Climate Change on Adriatic 
Sea Hydrology 

Ground Surface Temperature history according to the geo- 
thermal studies presents a climate change influence. Gener- 
ally, during the first half of twentieth century, the climate 
worming for about 1°C is observed. Thirty quart of this 
century has been characterized by a cooling for 0.6 °C. Later, 
up to present a worming for 1 .2 °C is observed (Frasheri et al. 
2004; Pano et al. 2001). Climate changes in Albania are 
observed also by the hydrometeorological studies (Albanian 


Climate 1978; Demiraj et al. 1996). The warming period in 
Albania is accompanied with changes of the rainfall regime., 
wind speed and wetness. There are observed a decreasing of 
the total year rainfall quantity, for about 200-400 mm. 
Inland water resources change has its impact on the hydro- 
graphic regime of the Adriatic Sea (Pano 2008). 

Based on two Albanian Oceanographic Expeditions has 
been proposed a mechanism of the forming and circulation 
of the Adriatic Sea water (Pano 1975, 1984, 2008). The 
multi annual data have arguments that the total discharge of 
the Albanian rivers system in the Adriatic and Ionian Seas 
varies in very wide limits. Minimal discharge is 
700-800 m 3 /s for the hydrological dry years of low pre- 
cipitation, up to maximal values 1900-2200 m 3 /s for the 
hydrological wet years of high precipitation. Buna River is 
one of the most important rivers of the Mediterranean 
Basin. This river, together with Po River in Italy, are 
determinant in the water balance of the Adriatic Sea. 


73.5 Conclusions 

• Albanian Adriatic coastline has an intensive change and 
continuously modifying its shape. 

• Submerged process, caused by neotectonic activity, is 
observed in some sectors within accumulative Adriatic 
coastline. 

• The climate at coastal plain region of Western of 
Albania has a warming of 0.6 K occurred, from last 
quarter of nineteenth until present-day. These climate 
changes have their impact on country water system, on 
and water resources, on the erosion processes, and on the 
hydrographic regime of the Adriatic Sea. 
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Climate Change Impact on Buna River Delta 
in Adriatic Sea 



Pano Niko, Frasheri Alfred, Bushati Salvatore and Frasheri Neki 


Abstract 

In the paper are analyzed impact of climate change, and hydrologic characteristic of the river 
and sea: Buna River runoff discharge, water mass circulation in Drini bay, wave refraction, 
sea level and incursion of the high tide waves, coastal accumulation and erosion processes 
et al that are conditioned hydro- geomorphologic development of the delta of Buna River. The 
morphology and hydro-geomorphologic development dynamics of the Buna River Delta are 
conditioned by hydrological regime of the river, thalassographic regime of the Adriatic Sea, 
and climate change impact. 


Keywords 

Delta • Ground temperature • Climate changes • Hydrographic system • Adriatic sea 


74.1 Introduction 

Albania is a subtropical zone. To the east, in the mountain 
areas, the climate is Mediterranean mountainous. The cli- 
mate in Albania varies from a region to the other. The 
climate change studies are based on geothermal inversion 
results and meteorological observation data. There is ana- 
lyzed the ground surface history (GSH) and paleoclimate 
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change according to the temperature recorded in the dif- 
ferent wells in Albania. Climate changes during the last half 
of the twentieth century has been analyzed also based on the 
meteorological data. There are estimated continental water 
flow, created by atmospheric rainfalls and its impact on 
processes of the forming and circulation of the Adriatic Sea 
water mass has been analyzed. In the second part of the 
paper, is presented the analysis of climate change impact on 
Buna River Delta in Adriatic Sea. 


74.2 Materials and Methods 

Climate changes are analyzed in two directions: firstly by 
temperature record in the deep wells and shallow boreholes, 
and secondly by the meteorological observations data. The 
ground surface temperature reconstruction for long period, 
about 5 centuries, has been performed by estimation of the 
ground surface temperature changes at the past, according 
to the present-day distribution of the temperature at the 
depth, recorded in six boreholes, which are located at the 
plain and mountain regions. The study of geothermal field 
of Albania has been carried out based on the temperature 
logging in the wells and boreholes (Cermak et al. 1996; 
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Fig. 74.1 Air average annual 
temperature, total year rainfall 
quantity, wind speed and wetness 
variations, at Shkodra 
meteorological stations (Period 
1950 - 1994 ) 
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Frasheri et al. 1995, 2004). Air and ground temperatures, 
total annual rainfall quantity, wind speed and wetness, 
which are analyzed by records in Meteorological Stations 
(Fig. 74.1) (Albanian Climate 1978; Borifi and Demiraj 
1990; Gjoka 1990; Mici et al. 1975, the data for 1985-2000 
after Mustaqi V.). 

Water potential of the Albanian Rivers System have been 
evaluated by a specific way (Pano 1967, 1995, 1998), based 
on the multi annual archival data (Hydrometeorological 
Institute of the Academy of Sciences of Albania) have 
calculated the annual runoff discharge of the Scutary Lake- 
Buna River-Drini River System, according to the corre- 
sponded types of the water supply, structure of the annual 
discharge distribution. All modeling and calculations have 
been performed for the model of dry and wet characteristic 
years, to analyze the climate impact on Albanian Hydro- 
graphic System. Processes of the forming and circulation of 
the Adriatic Sea water mass have analyzed based on 
hydrographic data and Results of Albanian Marine Expe- 
ditions “Saranda in 1963”, “Patosi in 1964” (Pano 1967), 
and Italian- Albanian Expeditions “Italica I and II, 2000 and 
2001” (Pano 2008). 


74.3 Results and Discussion 

Buna River is important part of the hydrographic complex 
“Scutary Lake-Buna River-Drini River”. Delta of the Buna 
Rives is located in Drin Bay at Adriatic Sea. This delta 
presents one of more active and interesting area of the 
Mediterranean Sea. 

The ground surface temperature reconstructions of the 
thermoplots of Kolonja-10 deep wells, which are located at 
coastal plain region of western Albania presents a gradual 


cooling of 0.6 K, before a middle of the nineteenth century. 
Later followed by 0.6 K warming, with a gradient 5.4 mK / 
years, that seems quite reasonable and is consistent with 
generally accepted ideas about the climate of the last 2-3 
centuries. GST history shows that warming gradient 
increasing is observed also at mountainous regions. 

Climate changes in Albania are observed also by the 
hydrometeorological studies. Figure 74.1 present graphics 
of yearly average temperature of the air in Shkodra Mete- 
orological Stations, for the period from 1931 to 2004. In 
general, the end of first observes half twentieth century, a 
warming of climate, about 10 °C (Borifi and Demiraj 1990). 

Thirty quarter of twentieth century is characterized by a 
cooling of 0.6 °C, and later, up to present a warming of 
1.2 °C. The same climate changes are observed also at 
Shkodra City. The cross correlation coefficient is Cc = 0.78 
between variation curves of the average annual tempera- 
tures of both of these stations. Warming trend of maximum 
1.2 °C, in particular after 70 years, is observed in all 
Albanian territory. The warming have accompanied with 
decreasing of the wind speed about 1.5 m/s and 5 % 
increasing of the wetness, during the period of 1950-1994. 

This warming is part of the global Earth warming during 
the second half of twentieth century. Its impact has been 
observed on water systems and water resources. Inland 
water resources change has its impact also on the hydro- 
graphic regime of the Adriatic Sea (Pano 1984, 1994, 2008). 
There are great impacts of the specific natural conditions of 
the Albanian Hydrographic System catchment in particular 
of the Scutary Lake-Buna River-Drini River System. 

Buna River maximal flow (respectively discharge (QM 
p%) and volume (WMp%) for different probabilities 
(p = 0,01; 0,1; 1; 2; 5; 10, 20 %) is presented in Fig. 74.2. 
Maximal flow with a probability p = 1 % (one in 
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Fig. 74.2 Maximal flow, Buna + Drini River-Dajg 

100 years) has the discharge QMp = 1 % = 6680 m2/s 
and a volume WMp = 1 % = 2870.106 m3. 

The average annual sea level is H = 0,12 m on the 0” 
absolute level. In the multi annual period the maximal level 
with the probability of p = 1 % on the Albanian offshore is 
Hmax = 1,2 m on the 0” absolute level, while the minimal 
level is Hmin = —0,5 m Abs. as the results the maximal 
amplitude of the sea level during the multiannual period is 
AH = (Hmax-Hmin) = 1,62 m. The most eventual waves 
observed during the year in the Drini Bay are h = 0,6-1 m 
(33 % of the cases). Same important ones are also the fol- 
lowing: h = 1, 6-3,1 m (20 % of the cases). The one of the 
h = 3,5 m have are not observed very often, about 0,3 %. 
Their principal directions are S, SW, NW, and S. The 
maximal waves in marine shelf: height h = 5,10 m, length 
L = 80,6 m, velocity C = m/s and period T = 7,2 s. Mini- 
mal discharge is 700-800 m 3 /s for the hydrological dry years 
of low precipitation, up to maximal values 1900-2200 m 3 /s 
for the hydrological wet years of high precipitation. 

Buna River is one of the most important rivers of the 
Mediterranean Basin. This river, together with Po River in 
Italy, is determinant in the water balance of the Adriatic 
Sea. 

Climate change and variation of the discharges have its 
impact on the marine water mass flows and solid material 
transport in the time, velocity and locations, and also on the 


wave regime. Consequently, in the Buna delta during the 
short period for about 37 years (1972-2009) are developed 
intensive erosion, and in the both side of the coastline an 
accumulation process. In the Buna River Delta actually is 
formed a marine spit. 

Ecosystems, and biodiversity, in the particularly in the 
water’s flora and fauna have an important influence from 
climate change. Temperature augmenting has caused 
increasing of the evaporation in the water systems. Conse- 
quently in the river system, reservoirs, wetlands, lakes and 
lagoon system has been observed thermal stress. In very 
beautiful ecosystems of Albanian lagoon as Kune-Vaini in 
Lezha region etc. thermal stress has its impact, first of all on 
the biodiversity. This stress is extended also in the shallow 
coastal waters; consequently there are observed diminution 
of the fish quantity. 


74.4 Conclusions 

1. The climate at coastal plain region of Western of 
Albania was cooled of 6 K before of middle of nine- 
teenth century. Later a warming of 0.6 K occurred, from 
last quarter of 19th until present-day. Temperature 
records in northwestern mountainous region of Albania 
confirmed also a climate warming of 0.6 K during 
twentieth century. Warming, mainly during the last 
quarter of the twentieth century, is demonstrated also by 
meteorological data. 

2. Warming has caused its impact on country climate and 
ecosystems. There is observed a decreasing of the water 
resources of the country, and thermal stress in the wet- 
lands, lagoons and lakes of Albania. Impact it is 
observed first of all on the biodiversity. 

3. The rainfall regime changes have their consequences in 
the fresh water re-sources of the country, of surface’s 
and underground waters. 

In the Buna delta during the short period for about 
37 years (1972-2009) are developed intensive erosion 
and in the both side of the coastline an accumulation 
process. 

4. Geomorphologic change of the coastline it is necessary 
to evaluate during the urban planning of the coastline. 
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INTRODUCTION 

In the paper are presented: 


1- Geological-structural, thermal and hydro-chemical 
characteristics of thermo-mineral waters of 
carbonate rocks aquifers in Albania. 



3 - 


The ALBANIDES represents part of southern 
branch of Mediterranean Alpine Belt 





Two major 

paleogeographic domains 
form the Albanides. 

♦ The Internal Albanides 
formed part of 
the Subpelagonian Trough. 

♦ The External Albanides 
was developed out 
of the western passive 
margin and continental 
shelf of the Adriatic plate. 




Peri-Adriatic Depression Depression as a 
part of Albanian Sedimentary Basin, continued 
towards the shelf of the Adriatic Sea. 

The geological cross-section of Albanian 
Sedimentary Basin is about 15 km thick. 

The structures of the Albanides are typically 
alpine, with SSE-NNW general strike. The 
structures are asymmetrical. Generally, their 
western flanks are affected by disjunctive 
tectonic. Recumbent, overthrusted and 
overtwisted structures are found, too. 



Mineral water basins 

Although Albaniagaja small country, 
his regional hydrogeological picture is 
very heterogeneous. The complex 
geological-structural and 
geomorphologic conditions of Albania 
have resulted in aquifer’ s 
heterogeneity concerning their 
resources, hydrodynamics and hydro- 
chemical characteristics (Eftimi 2010). 


I Porous aquifers 

la Highly productive 
lb Low productive 

II Karstic and fissured aquifers 

lla Highly productive 
lib Moderately product 

III Insignificant aquifer 

Ilia Local and limited aquifers 
lllb Essentially no groundwater 








The thermal and mineral 
waters of Albania are located 
in four thermo-mineral 
provinces: 

a) Peshkopi province; 

b) Kruja province; 

c) Preadriatic basin province, 
and 


d) South Ionian province. 
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Peshkopia province 


Represents the central part of Korabi 
zone which is characterized by the 
presence of two tectonic windows 
where gypsum dome structures 
outcrop. 

Two important sulfur thermo- 
mineral springs known as Peshkopia 
appear at south western tectonic 
contact of gypsum with surrounding 
Paleogene flysch formations. 

The formation of the springs is 
related to the deep fault developed 
along the Black Drin River. 

■ Hydrochemical type S04-Ca , 



T= 35° C to 43.5° C and Q= 13 I/s. 


FYR of MAKEDONIA 


Kruja province 

■ In the northern part of this province, 
is developed the Tirana artesian 
basin, hosting two type of aquifers: 

■ a) Mesozoic-Paleogene carbonate 
rocks, water temperature 60° C, 
chemical type is Cl-Na and the H 2 S 
gas content is more than 1000 mg/I 

■ b) Neogene molasses rocks. Water 
temperature lower than 30° C. 

■ A particular geothermal 
phenomenon is the Postenan 
steam spring 

■ Identified resources of Kruja 
geothermal province in carbonate 
reservoirs are 5.9x1 0 8 -5.1x10 9 GJ. 
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Preadriatic basin province 

Represent an artesian basin., with 
three aquifers: 

a) The deep aquifer of carbonate 
rocks; water of high temp, 
mineralizatio of Cl-Na type. 

■ 

■ 

b) The intermediate aquifer of 
sandstone Neogene molasses, 
Water temp. 32-83° C; 
mineralization 38-55 g/l, and the 
chemical type is Cl-Na, CH 4 
gas. 

c) The upper aquifer of Pliocene 
sandstone-conglomerate 


ARDENICA GEOTHERMAL AREA 
GEOTHERMAL RESOURCES O40M> 




South Ionian province 

Is the widest geothermal province of Albania, but not the 
richest. This province consists of some carbonate 
anticline, 

In this province is not known the presence of 
thermomineral springs. From the carbonate rocks, only big 
fresh water spring issue. Only in some deep wells have 
free flowing high temperature about 30 oC, and highly 
mineralized groundwater. 

The well Grekan-4, situated near the Dumre gypsum 
dome, at the depth about 1200 m fountain the 
groundwater with temperature 35° C, mineralization about 
325 g/l, and brome content of about 768 mg/I; 


Tamp^ns'iufa 




The geothermal field is characterized by a 
relatively low value of temperature. 

At 6000 meters depth, the temperature is 
105.8°C, in the central part of the Peri-Adriatic 
Depression. 

The lowest temperature values have been 
measured in mountain regions. In these areas, there 
is intensive circulation of cold underground water, of 
5-6°C temperature. 


Generally, the isotherms run fit well to the strike 
of structures of the Albanides. 



The temperature at 1 00 meters 
depth varies from 8 to 20°C 
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The highest temperature 
at 3000 m is 68 oC 






Geothermal Gradient 


changes from western to 


the eastern part of the 


Albania, and in the depth. 




Harta c gradicntit gjcotcrmal mcsatar 
Average Geothermal Gradient Map 

l k«a Plate 13 


are characterized by low geothermal gradient from 15 to 21.3 
mK/m. Deeper than 20 km is observed decreasing of the 
gradient. This change of the gradient is coincided with the top 
of the crystal basement. 



Regional Geological- Geophysical Profile Albanid-1, 
Falco- Durres-Tirane-Peshkopi 



Are observed that 
the temperatures 
in ophiolitic belt 
are higher than in 
the sedimentary 
basin, at the same 
depth. 

The geothermal 
gradient has a 
value up to 36 mK/ 
m at northeaster 
and southeastern 
part of the Albania. 


Decreasing of the gradient are observed deeper 
than 12 000 meters in this side of Albania, at the 

ton of tho Triassin salts donosits 



In the External Albanides is maximal 
value of the heat flow is equal 
to 42 mW/m 2 . 


In the ophiolitic belt at eastern part 
of Albania, the heat flow density 
Jjalues are up to 60 mW/m 2 . 

The granites of the crystal basement, 
which have the possibilities for 
the great radiogenic heat generation 
represents the heat source. 

In ophiolitic belt, is observed 
decreasing of the MOHO discontinuity 



Heat flow anomalies are conditioned 
by intensive heat transmitting through 
deep fractures. 



According to the calculation of 
different geo-thermometers, the 

vary fromre up to 
RHBfl Based on the geothermal 
modeling, one can suppose that thermal 
waters rises from 8-12 km deep, where 
temperature attains to 220°C. 



GEOTHERMAL SPRINGS 
AND WELLS MAP OF 
ALBANIA 




NORTHERN PART OF 
KRUJA GEOTHERMAL 
ZONE 
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Thermal waters of springs and wells in 
Albania may be used in several ways: 

The geothermal situation of low enthalpy in Albania offers 
different directions for use of geothermal energy, which is 
unused until now. 


This exploitation will realized by: 


of geothermal energy, heat pumps 


and solar energy, and 


-cascade 


- 


of this energy 




for 

treatment of different diseases, recreation, relax and 
development of eco-tourism. 
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Integrated and 
cascade use of 
thermal waters of 
Kozani-8 deep well: 
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Thermal water (80 oC) 
heated by solar panels up 
to 100 oC. 

2. Direct use: 

SPA-WELLNESS 

- Space heating 

- Sanitary water 

- Thermal pools 

- Thermal bath, sauna 

- Green houses 
ACQUACULTURE 

- Fish 

- Spirulina 

DEGAZING, SALTS 
EXTRACTION. 



• • • 







From thermal mineral waters of some spring and 
wells it is possible to extract very useful chemical 
microelements as iodine, bromine (Ardenica 
wells), chlorine etc. and other natural salts, so 
necessary for preparation of creams for the 
treatment of many skin diseases as well as for 
beauty care products. 

From these waters it is possible to extract 
sulphidric and carbonic gas. It is possible to built 
installations for processing of mineral waters. 





CONCLUSIONS 


■ In Albania four provinces of thermomineral waters are 
distinguished. 



Based on the chemical data, the thermomineral waters 
could be classified into three most relevant types: 

- The S0 4 -Ca type, reach in H 2 S gas occurs in the 
areas of gypsum deposits, 

- The mixed Cl-S0 4 -Na-Ca gas types reach in H 2 S 
occurs in limestone sediments underlined by gypsum 
deposits of Kruja and Ionian provinces. 

- The Na-CI type reach in CH 4 gas underground 
waters are related to molasses sediments of Adriatic 
basin province. 


• • • 


The highest measured temperature of thermomineral 
water of Albania is 83° C, but the temperature 
calculated by the geothermometers results more than 
200° C. 

The resources of geothermal energy of low enthalpy of 
Albania could be integrated and cascade direct use as 
an alternative energy. 

Resources of the geothermal energy in Albania are: 
high temperature springs (temperature up to 65.5° C), 
as well as shallow groundwater and bedrocks, with 
have an average temperature about 16.0°C, and depth 
Earth Heat Flow. 

Installation of the space-heating system, using shallow 
borehole-heat exchanger-Geothermal Heat Pumps 
systems present the most important direction of the 
use of geothermal energy. 
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Introduction 

Albanian Adriatic Sea 
shore is subject to 
dynamic geomorphologic 
changes, including 
accumulation, erosion, 
and submersion in 
different segments. 

These geo-morphological 
littoral changes have 
impacted the landscapes 
and economic activities 
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The Methodology 


• Landsat NIR bands from different years (1973 - 89 - 92 
- 2002) combined in single false color RGB image 


NIR year 1 
NIR year 2 


NIR year 3 

\ 



image RGB 



• Water areas remain black 

• Land areas remain 3-colors 

• Changed areas appear 

1-color or 2-colors 


water areas in years 1-2-3 



year 1 - 2 
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Adriatic shoreline North to South 

• Buna River Delta 

• Shkumbin River Delta 

• Velipoja beach 

• Semani River Delta 

• Shengjini / Drini Bay 

• Karavasta Lagoon 

• Mati River Delta 

• Vjosa River Delta 

• Lalzi Bay 

• Narta Lagoon 

• Durresi Bay 

• Vlora Bay 
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Buna River Delta & Velipoja 

• Shift of sand from Delta east to Velipoja 
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Drini Bay & Shengjini 

• Shift of dunes towards east 

• Shore eroded / submersed 
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Disaster in Patoku 


• Old beach and buildings destroyed 

• Deltas shifted ! Land submersed ? 
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Durresi Bay 


• Heavy human impact ... 

• Duality erosion ~ accumulation (Qerreti) 
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Disaster in Semani 

• Considerable loss of land 

• Constructions covered by the sea 

• Significant shift of rivers deltas 

• Traces of old shorelines 

• Two typical objects 

- Borehole basement 

- Water tower 

• Land submersion / erosion / both ??? 



Semani shore from Landsat 


Borehole basement 2003 - 2013 



Erosion 

or 

Submersion 

999 


Water towef2007 - 2013 
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Vjosa River Delta 


• There are some changes ... 
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Conclusions 

• Landsat archive helped to investigate the whole 
length of Albanian Adriatic shoreline 

• Very dynamic shoreline that interacts with 
human activities with serious impact 

• Need for continuous monitoring and careful 
planning for human activities in shore areas 

• Signs of land submersion 

- Need for future research and monitoring 
-Trying to use SAR interferometry ... 
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THANK YOU ! 


• Time for questions 
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IMPACT OF HYDROPOWER LAKE WATERS ON THE DESTABILIZATION OF 
SLOPES AND CAUSING LANDSLIDES TO ITS SHORES 

Alfred FRASHERI 


1. Introduction 

Albania has numerous and biggest dams belonging to the hydroelectric power plant system. 
These dams are made of concrete and/or rock fill with central clay core. Drini River hydropower 
plant cascade, at the Northern Albania, is the most biggest. This cascade is composed by Fierza, 
(1978), Komani (1985) and Vau Dejes (1971) hydro power plant. Fierza Hydroelectric Power Plant 
at higher river flow, has an installed power of 500 MW. The volume of water in its artificial lake is 
2.7 billion m 3 , and lake depth averagely 133 m. The dam has a length on head of 400 meters and 
height 167 meters. Difference between maximal and minimal levels of surface water in lake was 
varied over the years from some meters up to 30 or more meters, depending on the annual 
meteorological conditions. Komani Hydroelectro Power Plant at the middle river flow, has an 
installed power of 600 MW. The volume of water in its artificial lake is 430 million m 3 . The dam 
has a length on head of 400 meters and height of 133 meters. At the lower river flow is Vau Dejes 
Hydroelectric Power Plant, whixh has an installed power of 250 MW. The volume of water in its 
artificial lake is 560 million m . The Qyersaqi has a length on head of 480 meters and a height of 
47 meters. 

The exploitation of hydro technical work over the last 27 to 41 year has influenced the 
modification of their physical- mechanical properties and constructive structure, but also to the lake 
shore slopes and water reservoirs. There are observed active landslides in the lakeshores. The most 
biggest is landslide at Porava village, about 2,5 km from the Fierza dam, and Ragami landslide near 
of Ragami Dam in Vau Dejes. These landslises represent a great geological risk for hydropower 
plants, and Porava village. Walls of the houses are broken in Porava villages. During the 
exploitation period of averagely more than 25 years, the changes of the huge hydrotechnical works 
influenced the physical-mechanical properties in the shore area and caused a series of landslides. 

Results of the complex geological-geophysical-geodesic investigations in above mentioned 
landslides, and impact of the lake water on slope’s soil and rocks, are presented in the paper. 

2. Results analyze 

Hydrotechnical works in Albania are generally constructed in conditions of mountains rugged 
terrain and in geological formations in which the landsliding phenomena is often present. The 
landsliding phenomena develops in the bedrocks and the overlaid loose delluvion and elluvion. This 
phenomenon has been more evidently activated after the construction of hydrotechnical works. 

The exploitation period of more than 25 years of such a huge hydrotechnical work has influenced to 
the physical-mechanical properties at various parts of this landslide. 

• 2.2. 1.1. The Porava Landslide 


l 
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A study conducted in the Fierza hydropower plant, constructed over the Drini 
River in Northern Albania, is a clear example of it. This hydropower plant was 
build in 1974 and has an installed capacity of 500 MW. The lake, created after 
the construction of the plant, has a water volume of 2.7 billion m 3 . The 
hydropower plant consists of several complex hydro technical works. The main 
one is the dam with stones and a clay core, which has 165 m high and 500 m 
long. There are observed active landslides in the lakeshores of hydroelectric 
power plants, which represent a great geological risk at Porava village, about 
2.5km from the dam (Fig. 2.2, 2.3, photo 2.1). Buildings have been destroyed in 
some villages and some people died in ruins. This phenomenon has been more 
evidently activated when hydro technical works started to be used. During the 
exploitation period of more than 25 years, the huge hydro technical works 
influenced the physical-mechanical properties in the shore area and caused a 
series of landslides. According to geological data, gathered during the design 
period, Porava landslide has a slipping mass of about 34 million m 3 . 

o Special attention has been paid, since the projection period of this 
study, to the big slides in the shores of the Fierza Lake, especially to 
the Porava one (Fig. 2.4-a). The studies have not only included the 
geological understanding of the shore's solidity but also the 
understanding of the landslides. They also include solidity- 
integrated calculations through the hydraulics patterns. For that, the 
body fall of the Porava landslide at different speeds (from 5-10 m/sec) 
was simulated. As calculating parameters were used the ones 
resulted from geological studies of that time. 



Fig. 2.2. Drini River Basin 


Ragami and Porava Landslides location (Scale 1:300 000) 


2 
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Fig. 2.3 - a. Porava landslide area 
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Photo 2.1. Cracks of the village houses walls 


5 
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KRAHAStMl I TF. DHFNAYT CJEOLOGJ1KF ME ATO GJEOELFKTRIKF 
RRESHQH JA PORAVE 

(Profili gjcologjik ngj L. Dhamc dhc N Dhima, 1973) 

Tiranc. 1998 



a) 



[. Geoelectrical boundary 


Seismic sizmik 


Geophysical survey 
centre 


n~m Deluvium, most active part of slipping body [ 

Volcanogenic-sedimentary sipping block, 
resistivity. 250-350 Ohmm, Vp=1 400-3800 m/s[ 
Volcanogenic-sedimentary sipping block, 
resistivity. 500-300 Ohmm, Vp=3000-3800 m/s 


Volcanogenic-sedimentary bedrock, 
resistivity. 1000-1500 Ohmm 
Volcanogenic-sedimentary bedrock, 
resistivity. 3000-3500 Ohmm 


b) 


Fig. 2.4. Geological (1974) (a) and geophysical data (b) (1996) data comparison. 
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SEISMIC ENGINEERING PROFILE 
PORAVE LANDSLIDE 
December, 1996 
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c) 

Fig. 2.5. Seismic engineering profile, Porava Landslide (1996). 

All those studies brought to the conclusion that the dike should be 

raised 12 more meters over the one initially determined in the project, so that it 
would be more secure. 


Today, based on the data generated from geophysical surveys, the 
geological knowledge about this zone and the visual study of the actual situation 
of the Porava landslide, it was realized the respective analysis of these integrated 
geophysical works. 

In Fig. 2.4-b is presented the detailed geoelectrical - engineering section. 
This section was compiled based on the date of the vertical electrical soundings. 
In that can be noticed the presence of the very heterogeneous electrical medium 
in strike and depth. There are two categories of geoelectrical borders in the 
profile. These are the primary borders, connected with the separation of the main 
zones of the slipping body (with that of the deepest plains 140-160 m deep and 
with that of the most superficial plane 20 m deep). These slipping plains have 
very different geoelectrical characteristics, because they have different geological 
properties. The second category belongs to the secondary geoelectrical borders, 
which clearly express the changes and the heterogeneity that exists in these two 
slipping planes and in the environment under them. 
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First of all, in these geoelectrical markers is expressed the full configuration of 
the sliding structure in the rocks of the volcanogenic sedimentary section. As a 
result of the slipping phenomena, these rocks have low, up to medium specific 
electric resistivity values (200 - 100 Ohmm). While the rocks located under the 
whole massive slipping body have higher specific electric resistivity values (in the 
furthest sector of the profile in the lake side 3000 - 3800 Ohmm and 1200 - 1400 
Ohm in the sector located near the artificial lake of the Fierza hydropower plant). 

The most upper part of this slide’s body, represented by the deluvial-eluvial 
deposits, is very active today and has very law specific electric resistivity values 
(120 - 500 Ohmm). Houses and other objects of the Porava district are constantly 
damaged by this activity. 

The apparent geoelectrical heterogeneity in the strike of the profile, 
expresses the block kind composition that has in general this slide and it also 
gives an envision of the development of this slide in time. 

In fig. 2.5 is presented the seismic-engineering section in the same profile 
with the geoelectrical one. In this figure can be distinguished very well the upper 
part of the slipping body (the zone 25 m deep). In this section are very well 
distinguished the two seismic parameters (in the speed of the longitudinal and 
cross waves). The deluvial deposits have been fixed with Vp = 400 - 1200 m/s 
and Vs = 150 - 450 m/s values, while the eluvial deposits and the volcanic rocks 
of the most upper part, located over the slipped plane have Vp = 800 - 3880 m/s 
and Vs = 350 - 800 m/s values. The volcanic deposits located below the first 
slipping plain have been fixed with Vp = 1400 - 3800 m/s and Vs = 600 - 1500 
m/s. 


Based on the seismic parameters, the evaluation of the physical - 
mechanical characteristics of the rocks of this sliding body was carried out in 
strike and depth. In this seismic section and in the geoelectrical one, can be seen 
the block kind nature of the upper part of the slipping body and also of the lower 
part of this body in the basement volcanic rocks. 

By studying the natural seismic-acoustic activity, different recordings can 
be noticed in all the surveying zones. This shows that the sliding activity is 
different for different parts of the slipping body. The most dynamic zones of this 
sliding massif are located in places where the micro - movements have maximum 
intensity values. The Porava village is located in one of these zones. Because of 
this activity, many houses, and the soil is damaged and slopes have moved about 
2 - 4 m within a 2 - 3 years period of time (1994 - 1996)(Photo 2.1). 

In the detailed and integrated geophysical - engineering section, can be 
noticed a concordance between the electrical sounding results and the seismic 
surveying ones, used for studying this slide. (Fig. 2.4). 

8 
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Also, in this section can be determined sliding plains, their nature, 
situation and the content of the two parts of the slipping body. The most upper 
part is made of deluvial-eluvial deposits and reaches up to 20 m deep, above the 
first most dynamic plain of this zone. Under this lays the volcanic rock massif, 
located over the deeper plane of the Porava landslide (100- 160 m). This plain is 
determined and separates the block like sliding body from the volcanic rocks, 
which have not been touched by this sliding activity. 

Based on the results of this integrated geophysical-engineering and 
geotechnical study result: 

1. There could not happened an immediate fall at any speed of the Porava 
slipping body. 

2. Even in cases of powerful earthquakes, the slipping body mass can not fall as 
a whole, because it is made of broken up block masses. It can fall parts by 
parts or in fragments. Natural or inductive earthquakes of normal intensity, 
which happen often in this region, till now have not caused massive 
detachments of the slipping body. 

2.2. 1.2. The Ragami Lanslide 

The typical landslide was developed at lakeshore of the Vau Dejes Lake of 
Hydropower Plant in Northwestern Albania (Fig. 2.6). It is developed in the 
ophiolitic formation represented by serpentinized rocks. The slipping body 
represents a big mass of serpentinite, which is eolated, destroyed and covered by 
a thin layer of deluvium. According to the geological survey in 1992, the landslide 
did not exist. Landslide has been significantly developed during the last ten years 
(Fig. 2.7). The yearly movements of water level at Vau Dejes Lake caused a big 
landslide at eolated, weathered and destroyed serpentine rocks. Slipping body 
increased in the extent and in the volume substantially during this period. The 
front part of the slipping body is located along the shores of the lake. This part 
has the shape of a scarp about 2 -3 m high, and represents a destroyed, 
schistose serpentinite, partly in a form of mylonite (Photo 2.2). 

In fig. 2.8 -a, b are presented the integrated geophysical - engineering 
sections of the slipping body. Two main sliding plains separate this body. These 
plains are broken up. The first plain is at depths of 5 - 7 m, while the second one 
reaches up to 22 m. The lowest part of the second plain touches the lake, under 
the water level. In this way, the sliding body has a block like nature. The physical 
- mechanical properties of the rock massif of the slipping body are lower than 
those of the basement rocks, not touched by the sliding phenomena. The micro 
movements in the slipping body are very intensive and have a wide frequency 
band, while outside the body there is no such activity (Fig. 2.9). 


9 



1446 


LIQEM I IIIOROCF NTRAFIT TF. VAtTTF DFJFS 


r 


KOMI hi I 
M RM.lMIV 


rf^T 








10 




1447 


Fig. 2. 6. Vau Dejes area and Ragami Landslide, Geophysical survey line 



Photo 2.2. Ragami landslide area (a), and font of the sliding body, represented by 

mylonite serpentinites (b) 



1989 


\ 


b) 



Fig. 2.7. Topographical sketch of Ragami Landslide area (1989; 1996) Landslide 
body contours, respectively (a), and Satellite view (b). 


RAGAMI LANDSLIDE 



Legend 

^ Topographic marker 
^*1 Seismic boundary 
|_^ 1 Geoelecric boundary 


Diluvium, upper part of slipping body, resistvity 60-400 Ohmm, 
Vp=140-170 m/sec, Vs=160 m/sec 

Altered serpentinite of slipping body, resistivity 10-40 Ohmm, 
Vp=540-1900 m/sec, Vs=230-170 m/sec 

Altered serpentinite of slipping body, resistivity 60-150 Ohmm, 

Vp=2750 m/sec, Vs=600 m/sec 

Serpentinite, bedrock, resistivity 180-970 Ohmm, 

Vp=1 750-3700 m/sec, Vs=970 m/sec 
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Transversal profile 


GEOELECTRIC LONGITUDINAL PROFILE 
RAGAMI LANDSLIDE 
VAUTDEJES LAKE 
Tirana, December 1998 


0 20 40m 



Fig. 


Longitudinal profile 

Fig. 2-8. Engineering integrated geophysical section of the Ragami 
landslide. 

Three failures in different superficial levels can be observed in this 
landslide: 

• The first one 35 - 45 m from the shore, with a horizontal dislocation of about 2 
m. 

• The second one about 70 - 90 m from the shore, with a vertical jump of about 
2 m. 

• The third one about 115 - 130 m from the shore. This is the newest level and 
has the lowest amplitude. 

The physical-mechanical properties of the slipping body are lower 
than those of the basement rocks, not touched by the sliding phenomena. 

Physical-mechanical properties of rocks in the area of Ragami Landslide are 
presented in Tables 2.1 and 2.2. 

Tab. 2.1 
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PHYSICAL PROPERTIES IN LANDSLIDE'S AREA 


Layer 

Number 

Thick- 

ness, 







in meters 

Resistivity 

Density, 

Wave Velocity, 

Lithology 



in Ohmm 

in g/cm 3 

in m/sec 






Vp 

Vs 


SLIPPING BODY 

1 

0.7 

76.4 

1.34 

210 

160 

Deluvium 

2 

4.0 

29.5 

1.61 

540 

230 

Breaking 

serpentinite 

3 

6.5 

46.5 

2.45 

3700 

680 

Water-bearing 

serpenti-nite, 

4 

17.4 



1500 


Breaking 

serpenti-nite 

BED ROCKS 



485 

2.56 

3500 

1920 

Serpentinite 


Tab. 4.2 


. MECHANICAL PROPERTIES IN LANDSLIDE’S AREA 




Dynamic 

Rigidity 

Volume 


Layer 

Poisson’s 

Modulus of 

Modulus 

Compre- 




Elasticity, E d s 


ssion, 


Num- 

Ratio 


G, 


Rock state 

ber 


in *10 5 


a. 




kg/cm 2 

in *10 5 kg/cm 2 
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in *10 5 
kg/cm 2 


SLIPPING BODY 

1 

0.35 

0.00370 

0.00140 

0.00420 

soft rocks 

2 

0.39 

0.02413 

0.00868 

0.03630 

Destroyed, shattered rocks 

3 

0.48 

0.56586 

0.19167 

3.26503 

Cleavages and fissured 
rocks 

4 


0.26325 

0.09608 


Destroyed, shattered rocks 

BED ROCKS 


0.29 

2.46271 

0.96199 

1.91408 

Compact rocks 


As documented in Tables 2.1 and 2.2, four layers with different physical-mechanical properties 
create the slipping body. First layer represents the deluvial cover. Layers 2 and 4 are represented 
by destroyed-shattered serpentinite. The third layer in between is characterized by low electrical 
resistivity and low shear waves velocity. It corresponds to the water saturated cleavages and 
fissures in the serpentinite. 

The dynamics of slope movement is also reflected in the natural seismic-acoustic activity. The 
micro-movements in the slipping body are very intensive and have a wide frequency band. No 
movement activity is observed outside the slipping body (Fig. 2.9). 



Outside of slipping body Inside of slipping body 
Fig. 2.9. Natural seismic-acoustic activity in the Ragami landslide area 
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After the analyze of geophysical investigations in Ragami landslide, have been 
concluded: 

1. Thick and high volume slipping bodies represent the Ragami active landslide 
in the shore area of the Vau Dejes Lake. 

2. The extent of the landslide and the position of sliding plains were precisely 
fixed using the integrated geophysical survey. 

3 . The block- like character of the sliding bodies brings to the conclusion that the 
block of these bodies can not fall down immediately in any kind of velocity. 

4. Conclusions 

1 . Geophysical-engineering studies have a triple character: 

a) The soil of the landslide area investigation, 

b) Evaluation of in-situ physical-mechanical properties of soils and rocks, and 

c) In-situ monitoring of landslide phenomena dynamics. 

2. Based on the above analyses can be reached the following conclusions: 

In the integrated geophysical-geological profiles are fixed studied landslides bodies. In these 
profiles were also clearly fixed the sliding plains. 

In general, even though the geological conditions in which these slides have been developed are 
different, the plains have regular configuration, with maximum deepness in the center of the profile. 
The extent of the landslide and the position of sliding plains were precisely fixed using the 
integrated geophysical survey. 

• The slipping body, very often, is made of several slipping plains of block like character. 

• Especially active today, are the slipping plains located 15 - 20 m deep. The slipping body 
over this plain is mainly made of deluvial - eluvial sediments, or rocky masses with very 
weak physical - mechanical characteristics. Their dynamic is causing more damages every 
day to the houses of the Porava village. 

• The block like nature of the sliding bodies brings to the conclusion that in general these 
bodies can not fall immediately as a whole, in any kind of velocity. Only in particular cases, 
like in Banja, the fall occurs immediately. 

• The structure of the slipping body and its dynamic stands in the foundation of the patterning 
on the landslide development. Besides the others, the height of the dam is directly defined 
from this pattern. Accepting the slipping body as a unique mass, has sent to the over 
heightening of the dam and greater expenses. 

• Porava landslide has a slipping mass of about 34 million m 3 . 
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1. Introduction 


• Albania represents a 
mountainous country and 
Albanides are represented 
geological structures with 
possibilities of instable slopes 
and landslide development . 

• Based on the geological 
formations and landslide body 
mass, can be present following 
landslide classification in Albania: 
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• Instable slopes and intensive landslides developed in 
weathered bedrocks and in overburden bed at the 
lakeshores of hydropower plants. 

Instable slopes and intensive landslides developed in 
Oligocene flysch formation. 

• Instable slopes and landslides developed in 
Neogene’s molasses formations. 

• Landslides developed in loose Quaternary deposits. 


Downfalls in the weathered rocks 



• Albania has numerous and 7 biggest dams belonging to 
the hydroelectric power plant system. These dams are 
made of concrete and/or rock fill with central clay core. 
Drini River hydropower plant cascade, at the Northern 
Albania, is the most biggest. This cascade is 
composed by Fierza, (1978), Komani (1985) and Vau 
Dejes (1971) hydro power plant. Fierza Hydroelectric 
Power Plant at higher river flow, has an installed 
power of 500 MW. 

• The volume of water in its artificial lake is 2.7 billion 
m 3 and lake depth averagely 133 m. The dam has a 
length on head of 400 meters and height 167 meters. 



DRINI RIVER BASSIN 
RAGAMI AND PORAVA LANDSLIDES 















PORAVA HYDROPOWER PLANT 
DRINI BASSIN 


SATELLITE VIEV OF PORAVA LANDSLIDES 




• Difference between maximal and minimal levels of 

surface water in lake was varied over the years from 
some meters up to 30 or more meters, depending on 
the annual meteorological conditions. 
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The exploitation of hydrotechnical work over the last 27 
to 41 years has influenced the modification of their 
physical- mechanical properties and constructive 
structure, but also to the lake shore slopes and water 
reservoirs. 


There are observed active IcHidslides in the lakeshores. 
The most biggest is landslide at Porava village, about 
2,5 km from the Fierza dam, and Ragami landslide near 
of Ragami Dam in Vau Dejes. These landslises 
represent a great geological risk for hydropower plants, 
and Porava village. Walls of the houses are broken in 
Porava villages. 


PORAVA LANDSLIDE 
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• In the paper are presented results of the complex 
geological-geophysical-geodesic investigations in 
landslides in Albania, and impact of the lake’s water 
on slope’s soil and bedrocks. 



- INTEGRATED GEOLOGICAL-GEOPHYSICAL 
IN-SITU INVESTIGATION FOR LANDSLIDE 

PROGNOSIS, 

Study and monitoring. 

• In-situ investigations and monitoring for 
investigation for landslide prognosis, 
study and monitoring were carried out by 
integrated engineering geology- 
geophysics methods: 

• Geological Mapping 

• Geomorphological Mapping 

• Hydrogeological Mapping 

• Engineering Geological Mapping 



Geophysical Mapping, in-sitdfinvestigation and 
monitoring 

Gravity micro survey 

Magnetic micro survey 

High Frequencies Seismic Tomography and profiling. 

Geoelectric Tomography, electric soundings and 
profiling, etc. 

Electrical, radiometric, sonic etc. well logging 

Laboratory analysis and determinations 
Geodesic observations. 
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In-situ geophysical investigation and monitoring are 
programmed to perform in three phases: 

1 . Surface integrated geological-geophysical survey and 
installation of geodesic markers. 

2. Drilling of shallow boreholes, cross-hole seismic 
survey and well logging. 

3. Periodical geophysical surveys and geodesic 
observations in boreholes and on the ground surface. 
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Consequently, geophysical-engineering studies 
have a complex character: 

- To prognoses slope instability and landslide 
development possibility in the future, 

-To study the landslide body structure and soil of 
the landslide area, 

- Evaluation of in-situ physical-mechanical 
properties of soils and rocks and 

- In-situ monitoring of landslide phenomena. 



PORAVA LANDSLIDE PLANIMETRY 



i Landslide contour 
' Geophysical profile 


LOW FIERZA WATER LEVEL, SEPTEMBER 2013 
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SEISMIC ENGINEERING PROFILE 
PORAVE LANDSLIDE 
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GEOELECTRICAL ENGINEERING PROFILE 

PORAVA LANDSLIDE 
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GEOLOGICAL-GEOPHYSICAL ENGINEERING PROFILE 

PORAVA LANDSLIDE 
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Deluvium, most active part of slipping body 

Volcanogenic-sedimentary sipping block, 
resistivity. 250-350 Ohmm, Vp=1400-3800 m/s| 

Volcanogenic-sedimentary sipping block, 
resistivity. 500-300 Ohmm, Vp=3000-3800 m/s 


Volcanogenic-sedimentary bedrock, 
resistivity. 1000-1500 Ohmm 

Volcanogenic-sedimentary bedrock, 
resistivity. 3000-3500 Ohmm 




COMPARISON OF THE 7 GEOPHYSICAL AND 

GEOLOGICAL DATA 

(Geological Profile Dhame L. and Dhima N.) 




Sliding plain 
Tectonic line 
Geoelectric border 
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Electrical sounding 
Borehole 

Diabase breccia 



Diabase 

Schist 

Diabase breccia 



Aluvium 


• Results that the PoravcT landslide is the biggest 
slide studied till now. The lower plane of this 
landslide is located about 100 - 160 m deep. It 
separates the volcanogenic-sedimentary rocks 
with very low petrophysical characteristics from 
the volcanogenic-sedimentary deposits 
untouched by the sliding phenomena. The total 
volume of the whole sliding body, from some 
approximate calculation based on these 
preliminary geophysical data, is estimated to be 
over 40 million m3. 

• The Porava slipping body is heterogeneous and 
composed of blocks. 




PORAVA LANDSLIDE AND BROKEN 
HOUSES WALLS OF THE VILAGE 




LIQENI I I1IDROCFNTRALIT TF VAUT TF. DEJES 
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RAG AM IT, VAU I DEJES 
LANDSLIDE 




DINAMICS OF THE 
RAGAMI LANDSLIDE 
DEVELOPMENT 


RAGAMI LANDSLIDE 
VAU DEJES LAKE 
August, 1996 



Legend 

A Topographic marker 

Seismic boundary 

Geoelecric boundary 

Diluvium, upper part of slipping body, resistvity 60-400 Ohmm, 
Vp=140-170 m/sec, Vs=160 m/sec 

Altered serpentinite of slipping body, resistivity 10-40 Ohmm, 
Vp=540-1900 m/sec, Vs=230-170 m/sec 

Altered serpentinite of slipping body, resistivity 60-150 Ohmm, 
Vp=2750 m/sec, Vs=600 m/sec 


Serpentinite, bedrock, resistivity 180-970 Ohmm, 
Vp=1 750-3700 m/sec, Vs=970 m/sec 


GEOELECTRIC LONGITUDINAL PROFILE 
RAGAMr LANDSLIDE 
VAUTDEJES LAKE 
Tirana, December 1998 
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Fig. 


Thick and high volume slipping bodies represent 
the Ragami active landslide in the shore area 
of the Vau Dejes Lake. 



Time (sec) 



Outside of slipping body Inside of slipping body 


Natural seismic-acoustic activity 
in the Ragami landslide area 














Topographic Sketch of the 1485 
BENJA LANDSLIDE 
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Foto 1 5. Panije nga rreshqitja nc vepren hidrotcknikc tc Banjcs 

(Korrik 1987). 
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BANJA LANDSLIDE 
BANJA HYDROTECHNIC WORKS 

March, 1991 ess S 

o 

20 
40 
60 
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Legend 

Diluvium, siltstone, resistivity 10-20 Ohmm Geoelectric boundary 

Flysch, slipping block, resistivity 30-40 Ohmm jSSflEia Dam (in construction) 

Sandy flysch, slipping block, resistivity 60 Ohmm, Vp=1 000-3000 m/sec 
Sandy flysch, slipping block, resistivity 60-130 Ohmm, Vp=4500 m/sec 
Flysch, bedrock, resistivity 10-20 Ohmm, Vp=4100 m/sec 
I Sandy flysch, bedrock, resistivity 15-60 Ohmm, Vp=5000 m/sec 
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NORMALIZED SPECTRA OF SEISMOACOUSTICS ACTIVITY 

BANJA LANDSLIDE 
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Conclusions 

Geophysical-engineering studies have a triple 
character: 

a) the soil of the landslide area investigation, 

b) evaluation of in-situ physical-mechanical 
properties of soils and rocks, and 

c) in-situ monitoring of landslide phenomena 
dynamics. 
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Based on the above analyses can be reached the 
following conclusions: 

In the integrated geophysical-geological profiles 
are fixed studied landslides bodies. In these 
profiles were also clearly fixed the sliding plains. 

In general, even though the geological conditions 
in which these slides have been developed are 
different, the plains have regular configuration, 
with maximum deepness in the center of the 
profile. 

The extent of the landslide and the position of 
sliding plains were precisely fixed using the 
integrated geophysical survey. 
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• The slipping body, very often, is made of 
several slipping plains of block like character. 

• Especially active today, are the slipping plains 
located 15 - 20 m deep. The slipping body over 
this plain is mainly made of deluvial - eluvial 
sediments, or rocky masses with very weak 
physical - mechanical characteristics. Their 
dynamic is causing more damages every day to 
the houses of the Porava village. 
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• The block like nature of the sliding bodies 
brings to the conclusion that in general these 
bodies can not fall immediately as a whole, in 
any kind of velocity. Only in particular cases, 
like in Banja, the fall occurs immediately. 

• The structure of the slipping body and its 
dynamic stands in the foundation of the 
patterning on the landslide development. 
Besides the others, the height of the dam is 
directly defined from this pattern. Accepting 
the slipping body as a unique mass, has sent 
to the over heightening of the dam and 
greater expenses. 
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Abstract 

1. The peculiarities of the ophiolite magnetization, and especially paleomagnetic studies results in Albania 
are generally presented in this paper. An immense ophiolitic belt is extend along the Inner Albanides 
from south to north of the country. The geological-petrological-geochemical and metallogenic 
sequences of the tectonic sequence and that of cumulate sequence of the ultramaphic formation 
represent important part of te ophiolitic belt. Different gabbros massifs, volcanic basalts and 
keratophyres have a large extension in the Mirdita Tectonic zone. Integrated petrophysical studies, have 
been performed. Rock magnetism is conducted in outcrops and rock samples over six lines. Have been 
determined space orientation of the vector of magnetic magnetization. Magnetism of the ophiolites is 
conditioned by the presence of the ferromagnetic mineral accessories, mainly by secondary magnetite, 
by the chemical and mineralogical transformations of the rocks during the serpentinization, by the 
redistribution of mechanical stresses, as well, during the process of the dynamometamorphism and 
tectonic activity. The orientations of the remnant magnetization vector of the ophiolite rocks were used 
as a supplementary information source about their formation conditions and consecutive changes in 
time. 

Keywords: Magnetization, paleomagnetism, magnetic susceptibility, remnant magnetization. 

1. Introduction 

In the paper are presented the peculiarities of the ophiolite magnetization in condition of Alpine Folded 
Belt, including paleomagnetic studies results in Albania. In Albania was gained a good experience for the 
geophysical exploration of solid mineral deposits, which are concentrated in the ophiolitic belt. For their 
exploration carried out integrated geological-geophysical and geochemical ground and underground 
surveys. The geophysical complex includes gravity, magnetic and IP surface mapping at different scales, 
and the electro-magnetic underground survey. In order to get the geophysical documentation of the 
boreholes has been applied their well logging: electric, electro-magnetic, gamma, gamma-gamma, and 
magnetic surveys. Important part of the complex of geophysical direct explorations are gravitational and 
magnetic regional mapping at different scales and petrophysical studies, including density, magnetism, 
electrical resistivity, induced chargeability, and radioactivity of ores and rock formations. 

2. Study methodic 

Study of the rock magnetism is conducted by measurements of the magnetic susceptibility in outcrops in 
the field and induced and remnant magnetization determination in the rock samples. Sampling for the 
paleomagnetic studies have been carried out in fresh ultrabasic rocks, in gabbro, and in volcanic rocks of 
the Mirdita tectonic zone during 1995 year (Frasheri A, and Bushati S. 1995). Have been determined space 
orientation of the vector of magnetic magnetization, and for representative samples were performed thermal 
cleaning and demagnetization in the magnetic field of the alternative electric current. Sampling sites were 
located in six characteristic profiles, from south to the northern Albania. 

3. Results analyse 

The ophiolite belt extends in the territory of Mirdita tectonic zone of the Albanides. The ultramaphic 
formation, in general are characterized by two different geological-petrological-geochemical and 
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metallogenic sequences: tectonic sequence in lower part of geological cross-section, and that of cumulate 
sequence , over tectonic one. The lower part of tectonic sequence represents the hartzburgite facies with 
dunitic alternation, composed of fresh rocks in the lower levels up to medium serpentinized rocks in upper 
levels. The dunites represent lenses of thickness of some meters, stretching over hundreds of meters. The 
dunite with rare alternations of hartzburgite and lherzolite are predominant inside the cumulate sequence. 

The ultrabasic rocks have a magnetism, which changes in a broad band, conditioned by the presence of 
the ferromagnetic mineral accessories, mainly by secondary magnetite and less by the magnetized 
accessory chrome spinel (Tab. 1, fig. 1, photo 1). The fresh dunites and hartzburgites of tectonic sequence 
are not magnetic (table 1). The ratio Q n =I r /Ii>l is approximately in 48% of the cases, with average value 2,3 
for dunites and 1,9 for hartzburgites. That reveals the influence of the thermal nature of the remnant 
magnetization. With the increasing of the activity of cataclasis, magnetism is strengthened, especially the 
natural remnant magnetization. With the increase of the serpentinization process, the magnetization of 
dunites and hartzburgites gets stronger. This can be explained by the increase of the secondary magnetite 
and the thermo-remnant magnetization. The magnetism of the serpentinites has a particularly characteristic: 
Its values vary in a wide range, from practically unmagnetic to strong magnetic (Tab. 1). This phenomenon 
can be explained not only by the degree of serpentinization, because the quantity of serpentines in the rocks 
does not always determine the quality of secondary magnetite. Therefore, ultrabasic rocks can be classified 
as nonmagnetic, weakly magnetic and strongly magnetic ones. These great changes of the remnant 
magnetization, induced magnetization and of the Q n ratio for ultrabasic rocks, in general, and for the 
serpentinites in particular, is conditioned, not only by the contain of the secondary magnetite. These 
phenomena are conditioned by the chemical and mineralogical transformations of the rocks during the 
serpentinization and by the redistribution of mechanical stresses, as well, during the process of the 
dynamometamorphism and of the tectonic activity. 


The magnetic properties of the chrome spinel ore and the ultrabasic rocks. 

(Frasheri A, 2008) 


Table 1 


Kind of ore 
or rock 

Quantity 

of 

samples 

Induced 
magnetization 
Ii, *10' 5 units (SI) 

Remnant 
magnetization 
I r , *10* units (SI) 

Qn=Ir/Ii 

Min. 

Max. 

Mode 

Min. 

Max. 

Mode 

Min/Ma 

X 

Ave 

r. 

%of 

samp 

with 

Qn>l 

Dunite 

85* 

32** 

0 

700 

10±10 

50±30 

200±80 

10 

1800 

300±70 

1.2/ 

5 

2.3 

0.5 

Serpentinized 

dunite 

20 

38 

1000 

350 







Harzburgite 

109* 

56* 

0 

700 

15±15 

300±100 

20 

1000 

300±100 

1.2/13.8 

1.9 

0.3 

Serpentinized 

harzburgites 

87* 

14** 

40 

1000 

300 

20 

1300 

350±150 

1. 0/2.4 

1.77 

0.6 

Serpentinites 
from dunites 

82 

0 

3700 

150±70 

5 

70000 

300±90 

1.0/31.0 

1.8 

0.6 

Serpentinite 

from 

harzburgites 

68 

0 

1100 

250±50 

5 

9500 

150±60 

1.0/23.0 

2.1 

0.5 

Pyroxenites 

102 

10 

720 

350±60 

10 

71000 

150±90 

1.0/114 

4.0 

0.7 

Gabbro 

pegmatites 

21 

0 

270 

50 

170 

250 


1. 2/4.5 

1.3 



Note: * samples quantity off measurement; ** Samples quantity of I r measurement 


The magnetism of pyroxenite varies within wide limits. However, the majority of pyroxenite are weak 
magnetic (Table 1). The ratio Q n has an average value 4,0, but in particular samples up to 114. In these 
cases, the remnant magnetization has a thermal nature, under the influence of the magnetic field of the earth 
and surrounding rocks. Volanic basalts and keratophyres in northern massifs in Mirdita tectonic zone have 
a remnant magnetization that vary 0,061-3,716 A/m, although their magnetic susceptibility is higher, up to 
102.500. 10' 6 SI units. Their magnetization is conditioned by content of secondary magnetite. In South-East 
of Albania have been observed a basalt individualization with the remnant magnetization I r =l 17,803 A/m. 


2 



1501 


Gabbros magnetizations vary in different massifs. In Kurbneshi, at North-East of Albania, the gabbros have 
lower level of magnetization, averagely I r =0,007 A/m and magnetic susceptibility 535.10 _6 SI units. In 
Qafzezi village, South-Easter of Albania, gabbros have stronger magnetization; I r =52,825 A/m. 

.Analyse of the stereographic projections of the remnant magnetization vector shows that parallel with 
common orientations are observed nearby samples with different orientation, positive and inverse negative. 
Such phenomenon argues the superposition of the isothermal and chemical and thermal magnetization on 
remnant thermal magnetization. Although these differences of the ophiolite magnetization, in some massifs 
is preserved approximate orientation of the vectors of remnant magnetization (Fig. 2). Predominant 
orientation of remnant magnetization vector have and azimuth D=284° for pillow lava and D=297° for 
volcanic basalts in central part of Mirdita zone. Azimuth D=267° of the magnetization vector have gabbro 
of Kurbneshi massif in this part of Mirdita zone. 


Fig. 1. The variation curves of induced ( l [ ) 
magnetization of the dunites (1) and 
hartzburgites (2), Ragami deposit, Tropoja 
Massif (Frasheri A. et al., 2008). 


Photo 1. Serpentinit from dunite, with 
fissures of different ages, chrysotile-asbestos 
and magnetite, Kam deposits. Magnetic 
susceptibility %>3 000x1 0' 5 units SI. Thin 
section, enlargement 35x, Nicoles parallel. 
(Frasheri A.et al. 2008). 


Frequency 




In contrary with volcanic rocks and gabbros of central part of Mirdita zone, the hartzburgites are 
represented by a dispersion of the azimuth of magnetization vectors in large limits in Bulqiza ultrabasic 
massif, D=60° - 300°, as well as preserve the positive sense of the vectors (Fig. 2). This great variation of 
the direction of azimuth of magnetization vectors is conditioned by serpentinization process of the 
ultrabasic rocks, even for low level of the serpentinization. In the North-Eastern edge of the ophiolitic belt 
of Albanides, in he Komani site, the volcanic rocks have e clockwise rotation, analogue with External 
Albanides (Fig. 2). The magnetization of gabbros in Qafzez Massif in South-East of Albania, has an useful 
magnetic signal after cleaning and demagnization, with a vector oriented 1=60.9° and azimuth D=282°. This 
direction is approximate with orientation of the magnetism vector of the gabbros massif in Chalkidiki, 
Greece, D=312° and 1=68°. The ophiolitic belt of the Chalkidiki was undergone two tectonic phases: first a 
counterclockwice rotation during Later Jurassic-Lower Cretaceous and the second one a clockwise rotation 
during Tertiary (Edel J.B. et al., 1991). 

4. Conclusion 

2. The magnetism of the ultramaphic rocks vary within broad limits. Fresh rocks are not magnetic. The 
serpentinites are usually magnetic and sometimes strongly magnetic. 

3. Magnetism of the ophiolites is conditioned by the presence of the ferromagnetic mineral accessories, 
mainly by secondary magnetite, by the chemical and mineralogical transformations of the rocks during 
the serpentinization, by the redistribution of mechanical stresses, as well, during the process of the 
dynamometamorphism and tectonic activity. 

4. Analyse of the stereographic projections of the remnant magnetization vector shows that parallel with 
common orientations are observed nearby samples with different orientation, positive and inverse 
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negative. Such phenomenon argues the superposition of the isothermal and chemical and thermal 
magnetization on remnant thermal magnetization. 

5. Although the differences of the ophiolite magnetization, for some massifs is preserved approximate 
orientation of the vectors of remnant magnetization. In these cases, the study of the orientation of the 
remnant magnetization vector of the ophiolite rocks can be used as a supplementary information source 
about their formation conditions and consecutive changes in time. 


Fig. 2. Declination of the magnetization vectors of 
the ophiolite belt in Mirdita tectonic zone of the 
Albanides. 

Tectonic zones: 

Internal Albanides : 

M- Mirdita zone 
G- Gashi zone 
Ko- Korabi zone 

External Albanides : 

A- Albanian Alps 
K-C- Krasta-Cukali zone 
Kr- Kruja zone 
J- Ionian zone 
S-Sazani zone 
U- PeriAdriatic Depression 

Magnetic declinations'. 

1- J > 0 Ultrabasic rocks 

2- J < 0 Ultrabasic rocks 

3- J < 0 Gabbro 

4- J > 0 Gabbro, remnant magnetization 

after demagnetization 

5- J > 0 Volcanic rocks 

6- J < 0 Volcanic rocks 



5. Acknowledgments 

We express our thanks addressed to Prof. Dr. Condopoulou Despine, Gelogical School, Aristotle 
University of Thessaloniki, and to Pruner Peter, Magnetic Laboratory of Institute of Geophysics, Academy 
of Science. Prague, for the help they gave us for paleomagnetic meassurements to their labs of the 
ophiolitic rocks, during 1995 year, 

6. References 

Bushati S., 1997. Geomagnetic Field of Albania. Magnetic map. Monography. Center of Geophysical and 
Geo-Chemical Investigation. Albanian Geological Survey. 

Edel J.B., Kondopoulou D., Pavlides S., Westfal M. 1991. Multiphase paleomagnetic evolution of 
Chalkidiki ophiolite belt (Greece). Geotectonic implication. Bulletin of the Geological Society of 
Greece, Vol. XXV/3, 381-392. 


4 


1503 


Frasheri A., Bushati S., Vranaj A., Kondopoulou D., Pruner P., 1995. Report on ophiolite magnetization 
properties. (In Albanian), volume 4. pp. 54, Faculty of Geology and Mining, Polytechnic University of 
Tirana. 

Frasheri A., Beqiraj G., Frasheri N., , 2008. A review on the application of geophysical methods in 
exploration for cooper and chrome ores in Albania, a half century history. (In Albanian), 

A monograph. Academy of Sciences of Albania, pp 445.. 


5 



1504 



XX Congress of the Carpathian Balkan Geological Association 
Tirana, Albania, 24-26 September 2014 


www.cbga2014.org 

submission@cbga2014.org 


Form 

C 


EXTENDED ABSTRACT SUBMISSION FORM 

Deadline for extended abstract submission: March 31, 2014 

For the submission of an extended abstract, your unique reference number is needed. If you haven't acquired 
a reference number yet, please go to www.cbga2014.org/registration and give the required information in 
order to get it. Please note that no extended abstract will be accepted unless registration is completed and 
payment is received no later than two weeks after approval of the reviewed abstract ; and in any case no later 
than May 31, 2014. 

Enter your reference number here: 


Reference number 
|a|z| 1 4 Al 9 N 8 1 034 | 

3 

Paper TITLE: GEOTHERMAL RESOURCES IN KOSOVA AND THEIR USE, IN THE 

FRAMEWORK OF THE COUNTRY ENERGETIC BALANCE 

PRESENTING AUTHOR: ATIFETE ZUNA 


MARK WITH "X" YOUR PREFERRED PRESENTATION MODE: 
Oral: v Poster: 


No preference: 


The Organizing Committee will make every effort to retain your presentation mode preference, but the final 
allocation will depend on the total number of submissions and available time. 


Mark with "X" the Special or General Session in which you wish to submit your full paper. For a description of 
titles and objectives of Sessions, please consult the Second Circular or the website: 


Special and 


General Sessions 


SSI \f\ SS10 \f\ SS19 E] 

G01 

SS2 \f\ SS11 \f\ SS20 E] 

G02 

SS3 Q SS12 Q SS21 E] 

G03 

SS4 Q SS13 SS22 E] 

G04 

SS5 \f\ SS14 \f\ SS23 \f\ 

G05 

SS6 Q SS15 SS24 

G06 

SS7 \f\ SS16 E] 


SS8 \f\ SS17 \f\ 


SS9 \f\ SS18 E] 



n G ° 7 eh 

D G ° 8 i i 

D go9 D 
D gi ° 0 
D Gn O 
D gi2 D 


l 


1505 


GEOTHERMAL RESOURCES IN KOSOVA AND THEIR USE, IN THE 
FRAMEWORK OF THE COUNTRY ENERGETIC BALANCE 

Atifete Zuna 1 , Spiro Thodhorjani 2 , Alfred Frasheri 2 

1 Atifete z@hotmail.com ; 2 Faculty of Geology and Mining, Polytechnic University of 
Tirana; sthodhorjani@yahoo.com; alfred.firashri@yahoo.com 

1. INTRODUCTION 

Kosova has got the geothermal resources of a low enthalpy and mineral waters, new technologies of 
the direct use, which represent the base for a successful application of modern technologies in 
Kosova, to achieve the economic effectiveness and success of a complex direct use. 

At the present, geothermal, hydrogeological, hydrochemical, biological and medical investigations 
and studies on thermal and mineral water resources are ongoing in Kosova. The aims of the new 
studies are to examine, demonstrate and disseminate the positive technical and financial aspects of 
transfer and utilization of innovative geothermal energy technologies in Kosova. According to their 
results, the assessment of the perspective level of the best areas in country will be necessary. After 
such evaluation can be start the investments in these areas. Integrated exploitation and cascade direct 
use of the geothermal energy will be realized by an integrated scheme of geothermal energy, heat 
pumps and solar energy. 

2. GEOTHERMAL REGIME 

The Geothermal Regime of the Kosova geological structures is conditioned by tectonics of the region, 
lithology of geological section, local thermal properties of the rocks and geological location (Fig. 1). 

2.1 . Temperature 

The geothermal field is characterized by a relatively low value of temperature in the Rrafshi 
Dukagjinit region. The temperature at 1000 meters depth varies from 25 to almost 30°C (Fig. 2). The 
temperature is 70-75°C at the depth 3000 meters, and 120-130°C meters depth. Going from southeast 
to northwest, towards Prishtina, the temperature at 1000m depth vary from 30 to 40°C, and 140°C at 
5000m depth. 

2.2. Heat Flow Density: 

Regional pattern of heat flow density in Kosova territory is presented in the Heat Flow (Fig. 3) Map. 
There are observed two particularities of the scattering of the thermal field in Kosova: 

Firstly, minimal value of the heat flow is equal to 45-50 mW/m 2 in the Rrafshi Dukagjinit region. 
These phenomena have taken place owing to the great thickness of sedimentary crust. 

Secondly, toward North-East the Heat Flow Density is augmented to 90 mW/m 2 . A high flow density 
anomaly belt extends from south-west of Budapest, toward Belgrade, Prishtina up to Skopje. Maximal 
values of the heat flow density in this belt are 150 mW/m 2 . The contours of this Heat Flow Density 
anomaly belt partly give a clear configuration of ophiolitic belt in Dinarides, and present a shallow 
depth of the Earth granitic crusts, too. Radiogenic heat generation of the ophiolites is very low. In 
these conditions, increasing of the heat flow in the ophiolitic belt is linked with heat flow transmitting 
from the depth. The granites of the crystalline basement, with the radiogenic heat generation, 
represent the heat source. 

2.3. Geothermal energy resources in Kosova 

Geothermal energy of low enthalpy resources is located in different areas of Kosova. Thermal 
waters with a temperatures that reach values of up to 50°C, are sulfate, sulfide, calcium, 
magnesium, hydrogen carbonate Sodium methane type. Kosova geothermal areas have 
different geologic and thermo-hydrogeological features. Thermal sources are located in the 
Inner and the Outer Dinarides are the largest geotectonic units, geothermal zones, which 
represent the areas with bigness geothermal resources. 
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Geothermal aquifer is represented by a The Inner Dinarides are built up of Paleozoic 
terrigenous and marine sediments, Triassic calcareous and Cretaceous ophiolitic-radiolitic 
associations, Paleogenic flysch and neogenic molasses formation with numerous fissures and 
micro fissures 


Tab. 1 Thermal water springs and wells in Kosova 


Type of the 

Location 

Temperature 

TDS, 

Yield, 

source 


(°C) 

(mg/I) 

l/sec 

g 

Studenica 

25 



Pecka banja 

50 

1.554 

17.5 


Banje 

28 




Cecevo 

24 




Rudnik banja 

25 




Banjska 

50 

1355 

-r4.9 


Banjski topli 

23 




izvori 

19 




Slatina 

37 


22 


Banja e klokotit 
Drenica 

27 




3. DIRECTIONS FOR THE DIRECT USE OF GEOTHERMAL ENERGY OF LOW 
ENTHALPY IN KOSOVA 

The geothermal situation of low enthalpy in Kosova offers three possibilities for the direct 
use of geothermal waters energy. Geothermal energy exploitation must be realized by 
integrated scheme of geothermal energy, heat pumps and solar energy, and cascade use of 
this energy (Frasheri A. 2001, Frasheri A. et al. 2008, 2010). This scheme gives an 
environmental benefit by using renewable energies (geothermal and solar energy), new 
technologies (heat pumps) and energy savings (cascade scheme). Cascade scheme should be 
used to fulfill the thermal energy demand for the selected area in order to get the maximum 
benefit from geothermal energy and the minimum energy supply from heat pumps. 

Firstly, the Ground Heat can be use for space heating and cooling by Borehole Heat 
Exchanger-Geothermal Heat Pumps modem systems. 

Secondly, thermal sources of low enthalpy and of maximal temperature up to 50 °C. 

Thermal waters of springs may be used in several ways: 

1 . Modern SPA clinics for treatment of different diseases and hotels, with thermal pools, for 
development of eco-tourism. Such centers may attract a lot of clients not only from Kosova, 
because the good curative properties of waters and springs are situated at nice places. 

2. The hot water can be used also for heating of hotels, SPA and tourist centers, as well as for 
the preparation of sanitary hot water used there. Near these medical and tourist centers it is 
possible to build the greenhouses for flowers and vegetables, and aquaculture installations. 

3. From thermal mineral waters it is possible to extract very useful chemical microelements 
as iodine, bromine, chlorine etc. and other natural salts, so necessary for preparation of 
pomades for the treatment of many skin diseases as well as for beauty treatments. From these 
waters it is possible to extract sulphidric and carbonic gas. 

Consequently, the sources of low enthalpy geothermal energy in Kosova which are at the 
same time the sources of multi-element mineral waters, they represent the basis for a 
successful use of modem technologies for a complex and cascade exploitation of this 
environmental friendly renewable energy, achieving a economical effectiveness. Such 
developments are useful also for the creation of new working places and improvement of the 
level of life for local communities near thermal sources. 
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5. RENEVABLE ENERGY RESOURCES IN KOSOVA AND ROLE OF EOTHERMSL 
ENERGY IN COUTRY ENERGETIC BALANCE 

Total contribution expected of each renewable energy technology to meet the binding 2020 targets 
and the indicative interim trajectory for the shares of energy from renewable resources in electricity, 
heating and cooling and transport. 

Electricity sector: According to RES targets set by the AI, main renewable sources for electricity 
generation the will be hydro, onshore wind and smaller portion will from solid biomass and solar 
sources. In 2020, the planned RES in electricity comprises of 79% of hydro, 14.8% of onshore wind, 
5.2% of solid biomass and only 1% of solar photovoltaic. 

Heating and cooling :The use of biomass for heating will keep its dominating role for achieving RES 
targets in heating and cooling by 2020 followed by some use of solar energy and heat pumps. In the 
year 2020, the planned RES share in the gross final consumption in heating and cooling will comprise 
95.2% solid biomass, 4.3% solar and only 0.4% heat pumps using aero-thermal, geothermal and 
hydrothermal energy. 


Tab. 2 Estimation of the available potential in Kosovo for each renewable energy technology in heating- 
cooling 2010-2020 (ktoe) 








2014 

2015 

2016 

2017 

2018 

2019 

2020 

Geothermal (excluding 
low temperature 

geothermal heat in heat 
pump applications) 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

RE from heat pumps - of 
which aero thermal - of 
which geothermal - of 
which hydrothermal 

0 

0 

0 

0 

0 

0.01 

0.06 

0.26 

0.52 

0.77 

1.03 

1.29 


6. CONCLUSIONS 

1. Kosova has geothermal energy resources, which can be direct use as alternative, 
environmental friendly energy. 

2. Resources of the geothermal energy in Albania are: 

a) Natural springs and deep wells with thermal water, of a temperature up to 54°C. 

b) Heat of subsurface ground and water, with an average temperature of 25-54°C and 
depth Earth Heat Flow. 

3. Construction of the space-heating system, based on direct use of ground heat, by using of 
the shallow borehole heat exchanger (BHE)-Heat Pumps systems, is actually most important 
direction of the use of geothermal energy. 
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Fig. 1. Geological Map of Western Balkan (IGME, Athens) 



Fig. 2. Temperature Map at 
1000m depth (Geothermal 
Atlas of Europe, 1992) 





Fig. 3. Heat Flow Density Map, (Geothermal Atlas of Europe, 1992) 
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Abstract 

The general cascade impact of the climate change on Albanian Adriatic ecosystems are presented in the 
paper. The study is based on the results of inversion of 6 temperature logs data for the ground surface 
temperature history in Albania, and climate change according to the multi annual meteorological data from 
different regions of Albania. The wells and the meteorological stations are located in Sedimentary Basin of 
Albania, at the field region in the west of Central Albania and in the ophiolitic belt in the mountainous region 
of the northeast Albania. 

Based on inversion data at coastal plane western region of Albania, GST history presents a gradual cooling 
before a middle of the 19th century, followed by 0.6 K warming. Climate warming of 0.6 K in the 20 th century 
is observed also in mountainous northwestern Albania. This warming mainly after the second half of the 20 {h 
century is presented also by meteorological data: temperature, rainfall, and wind regimes. 

There is estimated impact on continental water flow, created by atmospheric rainfalls, for wet and dry years 
are analyzed. Estimation of run-off discharges is carried out for two categories of river basins: first, for river 
systems, where run-off discharge is computed as a function of the altitude of water level river section. 
Second, for the water system of Scutary Lake-Drini River-Buna River, which is very complicated and is the 
single in Mediterranean Hydrography. 

The warming impact on country climate, and ecosystems of Albania, thermal stress in the wetlands, lagoons 
and lakes have presented in the paper. Impact it is observed first of all on the biodiversity. 

Keywords: Ground Surface Temperature, Climate Changes, Hydrology, Hydrographic System, Adriatic Sea, 
Environmental Impact. 

1. Introduction 

Detailed analyzes of the climate change in Albania is presented In the paper. Albania lies in a subtropical 
zone. It is a Mediterranean country. Winter is relatively short and mild, humid near the seaside areas. 
Summer lasts very long and it is hot and dry. To the east, in the mountain areas, the climate is 
Mediterranean mountainous. The climate in Albania varies from a region to the other, according to the 
location compared with the seaside, to the seasons, years, and centuries. The ground temperatures are 
conditioned by geographical position of the area, area’s geology, and ground lithology, dynamics of the 
underground waters, meteorological conditions, and season. There is analyzed the ground surface history 
(GSH) and paleo-climate change according to the temperature measurements in the different wells in 
Albania. Climate changes during the last half of the XX century has been analyzed also based on the 
meteorological data. 

Climate changes impact, geomorphology, lithology and geographical situation of the Albanian Hydrographic 
Network Catchment, are caused their impact on the water systems, and on the ecosystems. 

2. Material and methods 

Climate change are analyzed in two directions: firstly by temperature records in the deep wells and shallow 
boreholes (Frasheri, A. and Qermak, V. et al. 2004), and secondly by the multi annual meteorological 
observations data. The ground surface temperature reconstruction for long period, about 5 centuries, has 
been performed based on geothermal inversion results, and estimation of the ground surface temperature 
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changes at the past, according to the present-day distribution of the temperature at the depth, recorded in 
the borehole (Dimitriev V. I. et al. 1997, Frasheri A. et al. 1999). Six thermoplots were used for inversion of 
the ground surface temperature history. 

Air and ground temperatures, total annual rainfall quantity, wind speed and wetness, which are analyzed by 
records in Meteorological Stations (Albanian Climate, 1978, Borigi, M. and Demiraj E. 1990, Gjoka, L. 1990, 
Meteorological Bulletin 1931-2001, Mici, A. et al 1975, the data for 1985-2007 after Mustaqi V.). Borehole 
and meteorological stations are located at the plain region in the west of Central Albania, and in the 
mountainous region of the northeast of the Albania. 

Water potential evaluation of the Albanian River Basin based on the multi annual archival data of the 
Albanian Hydrometeorological Institute of the Academy of Sciences (Pano N. 2008). The monitoring network 
has more than 22 meteorological and hydrometric stations, during the observed period 20-100 years. The 
methodology of the estimation of the water potential, have calculated the annual run-off discharge of the 
Albanian River System according to the corresponded types of the water supply, structure of the annual 
discharge distribution, and hydrogeographical types of the river catchment. All modeling and calculations 
have been performed for the model of dry and wet characteristic years, to analyze the climate impact on 
Albanian Hydrographic System. 

3. Results and discussion 
3.1. Climate change 

The temperature log data of Kolonja-10 deep wells, which are located at coastal plane region of western 
Albania, are shown in fig. la , 1b. Ground surface temperature reconstruction of the temperature log data, as 
it is seen in figures la - 1b, and the GST history yielded by tighter inversion of Ko-10 (Fig. 2), presents a 
gradual cooling of 0.6 K, before a middle of the 19 th century (Frasheri A., Cermak V., Safanda, J., 1999). 
Later followed by 0.6 K warming, with a gradient 5.4 mK/years, that seems quite reasonable and is 
consistent with generally accepted ideas about the climate of the last 2-3 centuries. 

In fig. 1c is presented temperature log of Vlahna 1127 borehole, Fig. 3 shows a GST history of VI-1127, 
Gurth-595, Krasta-1 and Ragam-168 boreholes borehole, which is located in the mountainous regions of 
Northeast Albania. Some changes are observed in these regions as to the cooling of 0.2 K during the 19 th 
century. Later, the warming trend is of 0.6 K during the 20 th century, by a gradient 6.7 mK/year. Warming 
gradient increasing at mountainous regions, in comparison with coastal areas, is caused by intensive 
deforestation during the last half of 20 th century. 



Fig. 1. Temperature log in deep well Kolonja-10 and its trend (a); Residual temperature after remove of 
trend values in thermo log of well Kolonja-10 (b):;Temperature logs in borehole Vlahna 1127 in 
mountain region (c). 
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Fig 2. Ground surface temperature history according to temperature log of Kolonja-10 and Arza-31 wells 
(Frasheri A. et al 1999). 
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Fig. 3. Ground surface temperature history according to temperature logs of Vlahna.-1 127, Gurth-595, 
Krasta-1 and Ragam-168 boreholes (Frash£ri A. et al 1999). 

Climate changes in Albania are observed also by the hydro meteorological studies. Fig. 4, 5 presents 
graphics of yearly average air temperature in Tirana and Shkodra Meteorological Stations, for the period 
from 1931 to 2000. As well known, Tirana is located in Central Albania. In general, the end of first half 20th 
century, observes a warming of climate, about 1°C. Thirty quarter of 20™ century is characterized by a 
cooling of 0.6°C, and later, up to present a warming of 1.2°C. The same climate changes are observed also 
at Shkodra City, in northwestern plane area of Albania. The cross correlation coefficient is C c = 0.78 between 
variation curves of the average annual temperatures of both of these stations. Warming trend of maximum 
1.2°C, in particular after seventy years, is observed in all Albanian territory. 

There are good cross correlation between variation curves of the average annual temperatures of Shkodra, 
Tirana and Kukesi, respectively C c = 0.78 and 0.79. Weak cross correlation C c = 0.58-0.68 is observed 
between temperature variation of the Kugova area and other northern regions. 

The meteorological data shows that the warming trend is not a monotone one. In short intervals are 
observed cooling and warming (Fig. 5). The meteorological studies have verified warming of the climate 
during the last quarter of the XX th century, too. It has been consisted that: “Around the 1980’s a warming 
trend is observed” (Borigi M., Demiraj E. 1990, Demiraj E. et al 1996). 
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Figure 4. Air Average Annual Temperature Variation at Tirana (1), Kukesi (2), Shkodra (3), and Vlora (4) 
Meteorological Stations (Period 1931-2004). 



Figure 5. Air and Ground Average Annual Temperature Variation at Tirana and Shkodra Meteorological 
Station. 
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The warming period in Albania is accompanied with changes of the rainfall regime, wind speed and wetness. 
There are observed a decreasing of the total year rainfall quantity, for about 200-400 mm. (Fig. 12, 13, 14, 
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Figure 6. Total year rainfall quantity of the Kukesi (1) ;Tirana (2), Shkodra (3), Erseka (4) and Vlora (5) 
Meteorological Stations (Period 1930-2007). 


4 


1513 


Fig. 7 is presented the difference of the total year rainfall quantity in the most dry and wet years, respectively 
1907 and 1960, in Shkodra region. 



Figure 7. Total Year Rainfall Quantity in the most dry and wet year, respectively, of the Shkodra 
Meteorological Station (respectively 1907 and 1960 years). 

In the dependence of the geographical location of the areas, changes the cross correlation of the rainfall 
quantity: Tirana area with Shkodra area C c =0.62, with Korga C c =0.81, Kugova C c =0.66, Kukesi C c =0.88, 
Gjirokaster C c =0.88, Vlora C c =0.53, during the period of 1930-1970. 

The warming have accompanied with decreasing of the wind speed about 1.5 m/sec and 5% increasing of 
the wetness, during the period of 1950-1994 (Fig. 8).. 
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Figure 8. Air Average Annual Temperature, Total Year Rainfall Quantity, Wind Speed and Wetness 
Variations, at Shkodra Meteorological Stations (Period 1950-1994). 

This warming is part of the Global Earth warming, during the second half of XX-XXI centers. 
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3.2. Discussion about the climate change impact on the Albanian environment. 

Global warning has an integrated impact on Albanian ecosystems, too. First of all, main impact has been 
observed on water systems and water resources. Inland water resources change has its impact on the 
hydrographic regime of the Adriatic Sea, and particularly in the Albanian Adriatic Littoral (Frasheri A. & Pano 
N. 2003). 

The water potentials of Albanian rivers system is Wo = 41,249.10 9 m 3 .The discharge of the Albanian rivers 
into the Adriatic Sea varies in very wide limits, from Q o =700-850 m 3 /s for the hydrological years of a lower 
precipitation to Q o =1850 2150 m 3 /s for the years of a higher precipitation (Pano N. 2008). The volume of 
suspended material, which is transported through river network, is 65,7. 10 6 ton/year, while the turbidity Q 0 =1 
260 g/m 3 . The river suspended matter deposits itself the river mouth in the Adriatic Sea. This process is very 
dynamic, making the Albanian river’s mouths very active. Many changes of the riverbeds position formation 
of the coastal lagoon, etc. are observed time after time in these mouths. The wind regimes, wave refraction, 
sea currents, littoral sediment transport, have determined the general dynamics of the change of the 
Albanian coastline. The average annual temperature of the water varies from t=17,7°C in Shengjini to 19,2°C 
in Saranda bays (Albanian Climate (Tables), 1978, Mici A. etc. 1975). 

Adriatic coastal line from southern city Vlora up to Shengjini Bay, in the north, have the marine accumulation 
flattened littoral, the marine erosion coast, and the submerged areas, where is observed marine ingression 
toward the mainland. In some areas there is cliffed coastline (Aliaj Sh. 1989, Frasheri A. 1987, Papa A. 1985, 
Pano N. 2008). Evolution of Albanian Adriatic coastline has a very intensive dynamics. Lithological changes 
from the shore to the continental slope area are gradually. There are observed some peculiarities, of river 
solid load distribution in shelf area, conditioned by marine currents. Filling process is intensive, generally, in 
river mouths. In these accumulative coastline areas there are some relatively small erosion sectors, which 
are located at the river mouths. In the shoal shelf zone, at the alluvial sea floor are observed the sandy splits. 
Marine deep erosion zones were developed over some sectors in accumulation littoral of Adriatic shoal. 
These zones are located in the uplifted side of the active reverse fault & thrust. In the Albanian Adriatic 
Littoral are observed some submerged areas, where is observed marine transgression toward the mainland. 
Submerged process is caused by the neotectonics activity, consequently there are observed a marine 
transgression. Lagoons have a total surface of about 150 km 2 . Albanian lagoons represent crypto- 
depressions, with the floor under the level of the sea’s bottom. 

In the Albanian Adriatic Littoral are observed integrated factors of the coastline evolution: neotectonic’s, 
erosion by marine currents and accumulation of the solid river discharge and eroded shore sediments that 
have directly an climate change impact. This factors complex has caused important changes on the coastline 
geomorphology, marine shoal and littoral landscape (Bogi S. 1981, Frasheri A. and Pano N. 2003, Pano N. 
1994). Intensive change dynamics characterized different Albanian Littoral area, example Viluni Lagoon- 
Drini Bay up to Buna River delta. The decreased sediment load of the Drini River, caused by its diversion 
into the Buna, has triggered coastal recession, with greater intensity on the southern lobe of delta (Photo 1). 


Photo 1 . View of Buna River discharge 
in Adriatic Sea. 

Temperature augmenting, which has caused increasing of the evaporation in the water systems, in the river 
system, reservoirs, wetlands, lakes and lagoon system, has caused a thermal stress, particularly in the 
water’s flora and fauna. In very beautiful ecosystems of Albanian lagoon thermal stress has its impact, first of 
all on the biodiversity (Frasheri A. and Pano N. 2003). This stress is extended also in the shallow coastal 
waters; consequently there are observed diminution of the fish quantity. Impact on the Albanian hydrology 
and on the Adriatic Sea), extends also on the intensity of erosion processes. The average annual 
temperature upgrading has started to affect the littoral forests, as well as vegetation inside the territory. 
There are observed the change of some Wood species, adding the types of trees that have lower 
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requirements for water; started increasing conifer trees. Reducing the area of the forest is another impact of 
global warming observed. 

Even human activity is very intense in this time. In catchment river basins have been open much new 
agricultural soils in mountain regions, outside the scientific criteria, which have intensified erosion process. 
This process is also affected by deforestation, causing intensification of the process. Agricultural activities 
have often caused damage to wet soils. Other activities in some areas are related to the chemical plants, 
gas-content oil fields, oil refineries etc. Human activity and lack of treatment of wastewater pollution made 
possible agricultural, industrial and urban areas, which have negative impact on the ecological balance of the 
systems. It is necessary to set regular monitoring of this system, programmed and implemented restoration 
of environmental damage, as well as undertaking measures that will serve socio-economic development 
sustainable in the future. This integrated impact of the global warming becomes more evident in big cities 
and their surrounding areas. Global Warming is added with the increase of temperature, generating from city 
power system (Photo 2). 
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Photo 2. On Mount Dajti, which rises in the east of Tirana is no snow, as a result of microclimate changes: 
by heat that generate energetic system of the city. 

4. Conclusions 

Based on the results of inversion of the temperature logs data, recorded in deep wells and boreholes, for the 
evaluation of the ground surface temperature GST history and hydro meteorological data, we have arrived in 
following conclusions: 

1. The climate at coastal plain region of Western of Albania was cooled of .6 K before of middle of 19 th 
century. Later a warming of 0.6 K occurred, from last quarter of 19 th until present-day. 

2. Temperature records in northwestern mountainous region of Albania confirmed also a climate warming of 
0.6 K during 20 th century. At mountains regions, the warming has started about quarter of century later than 
at coastal plain area of western Albania. 
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3. Warming, mainly during the last quarter of the 20 th century, is demonstrated also by meteorological data. 

4. The rainfall regime changes have their consequences in the fresh water resources of the country, of 
surface’s and underground waters. 

5. Warming has caused its impact on country climate and ecosystems. There is observed a decreasing of 
the water resources of the country, and thermal stress in the wetlands, lagoons and lakes of Albania, on the 
erosion processes, and on the hydrographic regime of the Adriatic Sea. Impact it is observed first of all on 
the biodiversity. Coastline has an intensive change and continuously modifying its shape. 

7. It is necessary to continued realizing, by a new project, of the analytical integrated studies of 
environmental impact of the global warming in Albanian territory and its consequences. 
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ABSTRACT 

Resources of Geothermal Energy of low enthalpy in Albania, and the platform for their direct use are 
presented in the paper. 

Large numbers of geothermal energy of low enthalpy resources are located in different areas of Albania. 
Thermal waters are sulfate, sulfide, methane, and iodinate -bromide types. Thermal sources are located in 
three geothermal zones: 

Kruja geothermal zone represents a zone with bigness geothermal resources, in carbonate reservoirs. 

Ardenica geothermal zone is located in the coastal area of Albania, in sandstone reservoirs. 

Peshkopia geothermal zone at northeastern area of Albania. Several springs are located with disjunctive 
tectonics of the gypsum diapir. 

The geothermal situation in Albania offers three directions for the exploitation of geothermal energy: 

Firstly, the use of the ground heat flow for space heating and cooling, by borehole heat exchanger-heat 
pumps systems. 

Secondly, thermal sources of low enthalpy are natural sources or wells in a wide territory of Albania. They 
represent the basis for a successful use of modern technologies for a complex and cascade exploitation of 
this energy: 

1 . SPA clinics for treatment of different diseases and hotels for eco-tourism. 

2. The hot water for heating and sanitary waters of the SPA and hotels, greenhouses and aquaculture 
installations. 

3. From thermal waters it is possible to extract chemical microelements. 

Thirdly, the use of deep abandoned oil and gas wells as “Vertical Earth Heat Probe”. 


1. INTRODUCTION 

Geothermal Resources of Albania evaluation and platform for their use, are based on the results of more 
than two decades of geothermal studies. 

- Geothermal Atlas of Albania and Atlas of geothermal resources in Albania (2004), have been performed 
in framework of the of the Committee for Sciences and Technology of Albania projects, by agreement 
between the Faculty of Geology and Mining, and the Geophysical Institute, Czech Acad. Sci., Prague, 
European Commission- International Heat Flow Commission (Frasheri A. 1992, Frasheri A. et al. 1994, 
1995, 1996). Geothermal team of the Faculty of Geology and Mining, have been worked for the UNDP- 
GEF/SGP Tirana Office project ( 2003), and “Geothermal Resources of Albania and platform for their 
use”, in the framework of the National Program for Research and Developing, Natural Resources, 2003- 
2005 (Frasheri A. et al. 2003, 2004, 2005). Has been published in electronic format the “Atlas of 
Geothermal Resources in Albania (Frasheri A. et. al. 2004), and in hard format “Geothermal Atlas of 
Albania and platform for use of Earth’s Heat” (2013). 

Geothermal team from Faculty of Geology and Mining and Department of Energy of Faculty of Mechanical 
Engineering, during 2008 has worked for the Project: “Platform for integrated and cascade use of 
geothermal energy of low enthalpy in the framework of energetic balance of Albania”, in the framework of 
the National Program for Research and Development, “Water and Energy” 2007-2009. Have been 
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published a monograph: “Space Heating/Cooling Borehole-Vertical Heat Exchanger-Heat Pump System” 
(Frasheri A. et. al. 2008). In same time, we had prepared three project ideas: “Geothermal Center for 
integrated and cascade direct use of geothermal energy of Kozani-8 well, near Elbasani City” (spa-hotel 
with hot pools, greenhouse and aquaculture instalations (spirulina and fish), Project idea for space heating 
of Korga University using borehole- vertical heat exchanger-heat pump system, and project idea for set up 
of the “Geo-Energy Ressouces Laboratory” in the Department of Energy Reasources, Faculty of Geology 
and Mining (Frasheri A. et al. 2008, 2009). “Geothermal Resources of Albania and platform for their use”, 
monograph, was published during 2010 by Faculty of Geology and Mining, Faculty of Mechanical 
Engineering, Polytechnic University of Tirana (Frasheri A. & Kodhelaj N., 2010). 

The Promemory “Earth Heat is an alternative, environ friendly renewable energy, which is necessary to use 
in Albania” has been addressed to the Albanian Government. 

Periodically, results of the geothermal energy studies in Albania have been published and presented in 
International Symposiums, Conferences and Workshops. 

In Albania there are many thermal water springs and wells of low enthalpy, with a temperature of up to 
65.5°C, which indicates that there are possibilities for direct use of the geothermal energy. In Albania the 
new technologies of direct use of geothermal energy are either partly developed or remain still untouched. 
Integrated and cascade use of geothermal energy of low enthalpy will be represent an important direction 
for profitable investment. Exploitation of geothermal energy will have a direct impact in the development 
of the regions, by increasing their per capita income and at the same time ameliorating the standard of 
living of the people. 

2. GEOLOGY BACKGROUND 

The Albanides represent the main geological structures that lie on the territory of Albania. They are located 
between the Dinarides in the north and the Helenides in the south, and together they form the Dinaric 
Branch of Mediterranean Alpine Belt. Albanides are divided in two big peleogeographical zones: the Inner 
Albanides and the External Albanides. Korabi, Mirdita (ophiolitic belt), presents the Inner Albanides and 
Gashi zones. The Alps, the Krasta-Cukali, the Kruja, the Ionian zone, the Sazani zone and the Pre-Adriatic 
Depression present the External Albanides. Depression as a part of Albanian Sedimentary Basin continued 
towards the shelf of the Adriatic Sea. The geological cross-section of Albanian Sedimentary Basin is about 
15 km thick and it continues also in the Adriatic Sea Shelf. 

Ionian zone is developed as a large pelagic trough in the Upper Triassic. There, the evaporites of the 
Permian-Triassic are overlapped by a thick carbonate formation of the Upper Triassic-Eocene. The 
geological section on this carbonate formation is covered by Oligocene flysch, a flyschoid formation of the 
Aquitanian and by schilieres of the Burdigalian, Helvetian and particularly of Serravalian- Tortonian 
molasses. Burdigalian deposits are overlapped transgressively with an angular unconformity, anticline belts. 
The Tortonian Age deposits have filled the synclinal belts of Ionic and Kruja tectonic zones. 

Miocene and Pliocene molasses of Peri-Adriatic Depression overlies the structures of northern part of the 
Ionian zone. The structure of Neogene molasses represents the upper tectonic stage of the structure of the 
Peri-Adriatic Depression. 

In the over part of the section of Kruja zone, the carbonate neritic rocks of the Cretaceous-Paleogene age 
are overlying the Oligocene flysch of a thickness of 5 km. 

The structures of the Albanides are typically Alpine ones. The SSE-NNW directions represent their general 
strike. The structures are asymmetrical and have a western vengeance. Recumbent, overthrusted and 
overtwisted structures are found, too. Generally, their western flanks are affected by disjunctive tectonic. 

3. METHODS AND STUDY AREA 

Geothermal studies carried out in Albania are oriented toward the study of the distribution of the 
geothermal field and the natural thermal water springs and wells. Geothermal studies were extended all 
over the country. 

The temperatures have been measured and the geothermal gradient and the heat flow density at different 
depths have also been calculated (Frasheri et al. 1995). Temperature measurements were carried out both in 
145 deep wells, in boreholes and in mines, at different hypsometric levels. The temperature in the wells was 
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recorded at regular intervals. It was measured by means of resistance and thermistor thermometers. The 
average absolute measurement error was 0.3°C. The measurements were carried out in a steady-state 
regime of the wells filled with mud or water. The recorded data were processed using the trend analysis of 
first and second degrees. The chemical composition of the waters was found. The output of the springs and 
wells and their hydrogeology was evaluated. 

4. RESULTS 

4.1. Geothermal Regime 

The Geothermal Regime of the Albanides is conditioned by tectonics of the region, lithology of geological 
section, local thermal properties of the rocks and geological location (Frasheri A. 1992, Frasheri et al. 1994, 
1995,2004,2010). 

4.1.1. Temperature 

The geothermal field is characterized by a relatively low value of temperature. The temperature at 100 
meters depth varies from less than 10 to almost 20°C, with lowest values in the mountain regions. The 
temperature is 105.8°C at 6000 meters depth, in the central part of the Peri- Adriatic Depression. The 
isotherm runs parallel the Albanides strike (Fig. 1). Going deeper and deeper the zones of highest 
temperature move from southeast to northwest, towards the center of the Peri-Adriatic Depression and even 
further towards the northwestern coast. The temperatures in ophiolitic belt are higher than in sedimentary 
basin, at the same depth. 

4.1.2. Geothermal Gradient 

In the External Albanides the geothermal gradient is relatively higher (Fig.2).. The geothermal gradient 
displays the highest value of about 21.3 mK.m' 1 in the Pliocene clay section in the centre of Peri-Adriatic 
Depression. The largest gradients are detected in the anticline molasses structures of the center of Pre- 
Adriatic Depression (Fig. 5). The gradient decreases about 10-29% where the core of anticlines in Ionic 
zone contains limestone. The lowest values of 7-11 mK.m' 1 of the gradient are observed in the deep 
synclinal belts of Ionic and Kruja tectonic zones. 

In the ophiolitic belt of the Mirdita tectonic zone, the geothermal gradient values increase up to 36 mK.m' 1 
at northeastern and southeastern part of the Albania. 

4.1.3. Heat Flow Density: 

Regional pattern of heat flow density in Albanian territory is presented in the Heat Flow Map. There are 
observed two particularities of the scattering of the thermal field in Albanides (Fig. 3): 

Firstly, maximal value of the heat flow is equal to 42 mW/m 2 in the center of Peri-Adriatic Depression of 
External Albanides. The 30 mW' 2 value isotherm is open towards the Adriatic Sea Shelf. These phenomena 
have taken place owing to the great thickness of sedimentary crust, mainly carbonate one in this zone. 

Secondly, in the ophiolitic belt at eastern part of Albania, the heat flow density values are up to 60 mW/m 2 . 
The contours of Heat Flow Density give a clear configuration of ophiolitic belt. Radiogene heat generation 
of the ophiolites is very low. In these conditions, increasing of the heat flow in the ophiolitic belt, is linked 
with heat flow transmitting from the depth. The granites of the crystalline basement, with the radiogenic 
heat generation, represent the heat source. 

4.2. Geothermal energy resources in Albania 

Large numbers of geothermal energy of low enthalpy resources are located in different areas of Albania. 
Thermal waters with a temperatures that reach values of up to 65.5°C are sulfate, sulfide, methane, and 
iodinate -bromide types (Frasheri A. et al. 1996, 2004, 2010) (Tab. 1, Fig. 4). In many deep oil and gas wells 
there are thermal water fountain outputs with a temperature that varies from 32 to 65.5°C (Table 2, Fig. 3) 

Albanian geothermal areas have different geologic and thermo-hydrogeological features. Thermal sources 
are located in three geothermal zones (fig. 4): 


3 



Frasheri 


1520 


Kruja geothermal zone represents a zone with bigness geothermal resources. Kruja zone has a length of 
180 km. Kruja Geothermal Zone is extended from Adriatic Sea at North and continues in South-Easter area 
of Albania and in Konitza area in Greece. Photo 1 shows Lengarica - Permet thermal springs at southern 
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Fig. 3 
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THERMAL WATER SPRINGS IN ALBANIA 


Tab. 1 


N° of 
Springs 

Location 

Temperature 
in °C 

Salt 
in mg/I 

Artesian 
Spring yield 
in l.s-1 

1 

Llixha Elbasan 

60 

6,3 

15-18 

2 

Peshkopi 

5-43 

4,2 

23 

3 

Lengarica-Permet 

6-31 

1,65 

>10 

4 

Sarandoporo-Leskovik 

26,7 

1,2 

>10 

5 

Tervoll-Gramsh 

24 

2,5 

>10 

6 

Mamurras-Tirane 

21 

5,4 

>10 

7 

Steam Postenani 

springs 
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THE OIL AND GAS WELLS THAT HAVE SELF-DISCHARGE OF THE THERMAL WATER 

Tab. 2 


N° 

Well 

Name 

Temperatu 

re 

in °C 

Salt 
in mg. I" 1 

Self- 

discharge 

in l.sec" 1 

1 

Kozani 

65.5 

4,6 

10,4 

2 

Ishmi 

64 

15 

4,4 

3 

Shupal- 

Tirana 

29.5 

1,6 

1,6 

4 

Galigati 

45-50 

5,7 

0,9 

5 

Bubullima 

48-50 

35 


6 

Ardenica 3 

38 

38,2 

15-18 

7 

Ardenica 

12 

32 

53,6 

5-18 

8 

Semani 1 

35 


5 


Semani 3 

67 

20,7 

30 

9 

Verbasi 

29.3 

8,2 

1-3 



Photo 1 . Langarica-Permeti thermal water springs 
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Albania. Identified resources in carbonate reservoirs in Albanian side are 5.9xl0 8 -5.1xl0 9 GJ. The most 
important resources, explored until now, are located in the Northern half of Kruja Geothermal Area, from 
Llixha-Elbasan in the South to Ishmi, in the North of Tirana. The values of specific reserves vary between 
38.5-39.63 GJ/m 2 . 

Kruja geothermal area represents an anticline structure chain with carbonate core of Cretaceous-Eocene 
age. They are covered with Eocene- Oligocene flysch. Anticlines are linear with as length of 20-30 km. 
They are asymmetric and their western flanks are separated from disjunctive tectonics. Geothermal aquifer 
is represented by a karstified neritic carbonate formation with numerous fissures and micro fissures. 

In the Ishmi area, Ishmi 1-b well has been drilled in 1994. It is situated in the top part of the limestone 
structure. It is located 20 km North- West of Tirana, in the plain area, near “Mother Theresa” Tirana airport. 
It meets limestone at 1300m of depth and goes through a carbonate coupe of 1016 m thickness. 

Kozani 8 well has been drilled in 1989 (Photo 2). It is situated 35 km South- East of Tirana and 8 km 
North- West of Elbasani. It is situated on hills close to Tirana- Elbasani national road. It meets limestone at 
1810m of depth and goes 10m deep in them. 

Since the end of the drilling to this day hot water continues to fountain from Ishmi 1-b and Kozani 8 wells. 

Elbasani Llixha watering place is about 12 km South of Elbasani. There are seven spring groups that extend 
like a belt with 320° azimuth. All of them are connected with a the main regional disjunctive tectonics of 
Kruja zone. Thermal waters flow out through the contact of conglomerate layer with calcolistolith. In this 
area too, the reservoir is represented by the Llixha limestone structure. These springs have been known 
before Second World War. 


Surface water temperatures in the Tirana-Elbasani zone vary from 60° to 65.5°. In the aquifer top in the 
well trunk of Kozani 8 temperature is 80°C. Hot water is mineralized, with a general mineralization of 4.6- 
19.3 g/1. Elbasani Nosi Llixha water has the following formula: 


^ 2 ^ 0 . 403 ^ 7.1 


C/ 59 V4 

N a 46 Ca 35 



Photo 2. Geothermal deep well Kozani - 8 
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Peshkopia geothermal zone is situated in the Northeast of Albania. Two kilometers East of Peshkopia 
some thermal springs are situated very close to each other. These thermal springs flow out on Banja river 
slope. These springs are linked with the disjunctive tectonic seismic-active zone Ohrid Lake-Debar, at 
periphery of gypsum diapir of Triassic age that has penetrated Eocene flysch which surround it like a ring. 
The occurrence of thermal waters is connected with the low circulation zone always under water pressure. 
They are of sulfate-calcium type, with a mineralization of up to 4.4 g/1, containing 50 mg/1 H 2 S. Their 
chemical formula is: 


^ 2 ^ 0 . 0495 ^ 4.4 


soU 

^ a 65 


Yield of some of the springs goes up to 14 1/sec. Water temperature is 43.5 °C. 

Water temperature and large yield, stability, and also aquifer temperature of Peshkopia Geothermal Area 
similar are with those of Kruja Geothermal Area. For this reason geothermal resources of Peshkopia Area 
have been estimated to be similar to those of Tirana- Elbasani area. 


Ardenica geothermal zone is located in the coastal area of Albania, in sandstone reservoirs. 


5. PLATFORM FOR THE DIRECT USE OF GEOTHERMAL ENERGY OF LOW ENTHALPY IN 
ALBANIA 

The geothermal situation of low enthalpy in Albania offers three possibilities for the direct use of 
geothermal waters energy. Geothermal energy exploitation must be realized by integrated scheme of 
geothermal energy, heat pumps and solar energy, and cascade use of this energy (Frasheri A. 2001, Frasheri 
A. et al. 2003, 2004, 2008,2009, 2010). 

Firstly, the Ground Heat can be use for space heating and cooling by Borehole Heat Exchanger- 
Geothermal Heat Pumps modern systems. At the present in Albania have been installed geothermal heating 
systems in six buildings in different cities: Tirana, Korga, Shkodra, Erseka. 

Secondly, thermal sources of low enthalpy and of maximal temperature up to 65.5°C. 

Thermal waters of springs and wells may be used in several ways: 

1. Modem Wellness SPA for treatment and healing of different diseases, recreation, thermal physical and 
mental relaxation, with thermal bath and pools, sauna, massages, fitness and activities for development of 
eco-tourism. Such centers may attract a lot of clients not only from Albania, because the good curative 
properties of waters and springs are situated at nice places, near seaside, Gjinari Mountain or Ohrid Lake. 

The oldest and important is Elbasani Llixha SPA is located in Central Albania. By national road 
communication, Llixha area is connected with Elbasani. These thermal springs from about 2000 years ago 
are known, near of the old road “Via Egnatia" that has passed from Durresi-Ohrid- to Constantinople. All 
seven groups of the springs in Llixha Elbasani and Kozani-8 well, near of Saint Vladimir Monastery at 
Elbasani, have the possibilities for modem complex exploitation. Ishmi 1/b geothermal well is located in 
beautiful Tirana field, near of Mother Theresa- Tirana Airport, near of the Adriatic coastline and Kmja - 
Skanderbeg Mountain. 

Peshkopia SPA was constructed by modem concepts as balneological geothermal center. There are thermal 
pools, for medical treatment and recreation. Constmction of the Peshkopia SPA must been good example 
for new SPA constmction in Albania. 

2. The hot water can be used also for heating of hotels, SPA and tourist centers, as well as for the 
preparation of sanitary hot water used there. 

3. Near thermal water springs and wells it is possible to build the greenhouses for flowers and vegetables, 
asparagus cultivation, etc. 
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4. Aquaculture installations for cultivation of the micro-alga as spirulina etc. for alimentary industry, 
preparation of pomades, and fish cultivation will be other profitable activities. 

5. From thermal mineral waters it is possible to extract very useful chemical microelements as iodine, 
bromine, chlorine etc. and other natural salts, so necessary for preparation of pomades for the treatment of 
many skin diseases as well as for beauty treatments. From these waters it is possible to extract sulphidric 
and carbonic gas. 

6. Scientific research for study of the possibility of generating electricity from geothermal sources of low 
enthalpy, about 80°C, as good local energy sources and provides a secure domestic energy supply with 
stable output. 

Thirdly, the use of deep doublet abandoned oil and gas wells and single wells for geothermal energy, in the 
form of a “Vertical Earth Heat Probe”. The geothermal gradient of the Albanian Sedimentary Basin has 
average values of about 18.7 mK-m" 1 . At 2 000 m depth the temperature reaches a value of about 48°C. In 
these single abandoned wells a closed circuit water system can be installed. Near of these wells, can be 
build greenhouses. 

Actually in Albania is prepared a platform with scenarios for integrated and cascade use of the geothermal 
energy, in the framework of the National Program for Research and Development, Water and Energy 
(2007-2009). Based on complex analysis, for the best area selected according to the scenarios, a Feasibility 
Study is performed to analyze three components: energy supply, environmental impact and financial 
aspects, and to suggest the best solution of the innovative geothermal energy utilization technology 
applications in that area. 

Consequently, the sources of low enthalpy geothermal energy in Albania, which are at the same time the 
sources of multi-element mineral waters, they represent the basis for a successful use of modern 
technologies for a complex and cascade exploitation of this environmental friendly renewable energy, 
achieving a economical effectiveness. Such developments are useful also for the creation of new working 
places and improvement of the level of life for local communities near thermal sources. 

6. CONCLUSIONS 

1. Albania has geothermal energy resources, which can be direct use as alternative, environmental friendly 
energy. 

2. Resources of the geothermal energy in Albania are; 

• Natural springs and deep wells with thermal water, of a temperature up to 65.5°C. 

• Heat of subsurface ground, with an average temperature of 16.4°C and depth Earth Heat Flow. 

3. Construction of the space-heating system, based on direct use of ground heat, by using of the shallow 
borehole heat exchanger (BHE)-Heat Pumps systems, is actually most important direction of the use of 
geothermal energy. 

7. ACKNOWLEDGMENTS 

The authors express their thanks also to their colleagues of the Geothermal Team at the Faculty of Geology 
and Mining of the Polytechnic University of Tirana and of Geophysical Institute at Academy of Sciences of 
the Czech Republic in Prague, for their scientific collaboration and help in our studies of geothermal 
energy. 

REFERENCES 

Frasheri A., 1992: Albania. In Geothermal Atlas of Europe, [Eds. Hurtig E., £ermak V., Haenel R. and Zui 
V.], International Heat Flow Commission, Herman Haak Vertagsgesellschaft mbH, Germany. 

Frasheri A. and Cermak V. (Project leaders), Ligo R., £anga B., Jareci E., Kresl M., Safanda J., Kucerova 
L., Stulc P., 1994: Geothermal Atlas of External Albanides. Project of Committee for Sciences and 
Technology of Albania, and agreement between the Faculty of Geology and Mining in Polytechnic 
University of Tirana, and the Geophysical Institute, Czech Acad. Sci., Prague. 


12 



1529 


Frasheri 


Frasheri A. and Cermak V. (Project leaders), Ligo R., £anga B., Jareci E., Kresl M., Safanda J., Kucerova 
L., Stulc P., 1995: Geotermal Atlas of Albania. Project of Committee for Sciences and Technology of 
Albania, and agreement between the Faculty of Geology and Mining in Polytechnic University of 
Tirana, and the Geophysical Institute, Czech Acad. Sci., Prague. 

Frasheri A. and Cermak V. (Project leaders), Doracaj M., Kapedani N., Ligo R., Bakalli F., Halimi H., 
Kresl M, Safanda J., Vokopola E., Jareci E, £anga B., Kucerova K, Malasi E. 1996: Albania. In ’’Atlas 
of Geothermal Resources in Europe”. (Eds. Heanel R. and Hurter S.), Hanover, European Commission, 
International Heat Flow Commission. 

Frasheri A. 2001: Outlook on Principles of Integrated and Cascade Use of Geothermal Energy of Low 
Enthalpy in Albania. 26th Stanford Workshop on Geothermal Reservoir Engineering. 29-31 January, 
2001, California, USA. 

Frasheri A., Pano N., Bushati S., 2003: Use of Environmental Friendly Geothermal Energy”. UNDP- 
GEF/SGP, Tirana Office Project. 

Frasheri A. 2004: Outlook of Principles for design of Integrated and cascade Use Low Enthalpy 
Geothermal Projects in Albania. International Geothermal Days, Poland 2004. 

Frasheri A., Cermak V., Doracaj M., Ligo R., Safanda J., Bakalli F., Kresl M., Kapedani N., Stulc P., 
Halimi H., Malasi E., Vokopola E., Kucerova L., £anga B., Jareci E. 2004: Atlas of Geothermal 
Resouces in Albania. Published, electronic format, by Faculty of Geology and Mining, Polytechnic 
University of Tirana, pp. 126. 

Frasheri A., Londo A., A.Shtjefni, £ela B., Kodhelaj N., Pano N., Alushaj R., Bushati S., Thodhorjani S., 
2008: Geothermal Space Heating/Cooling Systems. Monograph. Published by Polytechnic University 
of Tirana, pp. 147. 

Frasheri A., £ela B., Alushaj R., Pano N., Thodhorjani S., Kodhelaj N., 2008: Project idea for heating of 
for Research and Developing, Water & Energy (2007-2009) the University “Fan Noli” building, Korge, 
National Program for Research and developing, Water & Energy (2007-2009), Tirana. 

Frasheri A., £ela B., Londo A. , Bushati S., Pano N., Shtjefni A., Thodhorjani S, Ligo R., Haxhimihali 
Dh., Tushe F., Kodhelaj N., Bagova R., Manehasa K., Poro A., Kumaraku A., Kurti A., 2009: Project 
idea for a complex center for modem cascade use of geothermal waters of low enthalpy in Albania. 
National Program for Research and developing, Water & Energy (2007-2009), Polytechnic University 
of Tirana. 

Frasheri A, Kodhelaj N., 2010. Geothermal Resources of Albania and platform for their use. Monograph, 
National Program for Research and developing, Water & Energy (2007-2009), Published by Faculty of 
Geology and Mining, Polytechnic University of Tirana, pp. 363. 

Group of authors, 2013. “Geothermal Atlas of Albania and platform for use of Earth’s Heat”, (in Albanian 
and in English), (Edit. Frasheri A.) Published by Akademy of Sciences of Albania and Faculty of 
Geology and Mining, Polytechnic University of Tirana, Albania, Typography. Cry stalina, pp 123, 20 
maps. 


13 



Frasheri 


1530 


JLE 1. PRESENT AND PLANNED PRODUCTION OF ELECTRICITY 



Geothermal 

Fossil Fuels 

Hydro 

Nuclear 

Other 

Renewables 
Wind & Biomass 

Totj 


Capac- 

ity 

Gross 

Prod. 

Capac- 

ity 

Gross 

Prod. 

Capac- 

ity 

Gross 

Prod. 

Capac- 

ity 

Gross 

Prod. 

Capac- 

ity 

Gross 

Prod. 

Capac- 

ity 



MWe 

GWh/yr 

MWe 

GWh/yr 

MWe 

GWh/yr 

MWe 

GWh/yr 

MWe 

GWh/yr 

MWe 

1 

aeration 

December 

9 





1464 

4362 





1464 


er 

struction 

December 

9 



348 

116 

150 

447 





498 


ds committed, 
not yet under 
struction in 
ember 
9 



150 

54 

475 

1415 





625 


>1 projected 
by 2015 



498 

170 

1964 

6224 



880 


2462 
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TABLE 2. UTILIZATION OF GEOTHERMAL ENERGY FOR ELECTRIC POWER GENERATION AS OF 
31 DECEMBER 2014 

1} N = Not operating (temporary), R = Retired. Otherwise leave blank if presently operating 

2) IF = Single Flash B = Binary (Ranking Cycle) 

2F = Double Flash H = Hybrid (explain) 

3F = Triple Flash O = Other (please specify) 

D = Dry Steam 

3) Data for 2014 if available, otherwise for 2013. Please specify which. 


Locality 

Power 

Plant 

Name 

Year 

Comissio 

ned 

No 

Of Units 

Status 1} 

Type 
of Units 2) 

Total 

Installed 

Capacity 

MWe 

Total 

Running 

Capacity 

MWe 

Annual 

Energy 

Produced 

2014 3) 

GWh/y 

Total 

Under 

Constr. 

Or 

Planned 

MWe 


- 

- 

- 

- 

- 

No 

No 

No 

No 

Total 











* Installed capacity is maximum gross output of the plant; running capacity is the actual gross being 
produced. 


TABLE 3. UTILIZATION OF GEOTHERMAL ENERGY FOR DIRECT HEAT AS OF 
31 DECEMBER 2014 (other than heat pumps) 


I = Industrial process heat 
C = Air conditioning (cooling) 

A = Agricultural drying (grain, fruit, vegetables) 
F = Fish farming 
K = Animal farming 
S = Snow melting 


H = Individual space heating (other than heat pumps) 
D = District heating (other than heat pumps) 

B = Bathing and swimming (including balneology) 

G = Greenhouse and soil heating 
O = Other (please specify by footnote) 


Enthalpy information is given only if there is steam or two-phase flow 

Capacity (MWt) = Max. flow rate (kg/s)[inlet temp. (°C) - outlet temp. (°C)] x 0.004184 (MW = 10 6 W) 

or=Max flow rate (kg/s)x(inlet enthalpy (kJ/kg)-outlet enthalpy (kJ/kg))x0.001 

Energy use (TJ/yr) = Ave. flow rate (kg/s) x [inlet temp. (°C) - outlet temp. (°C)] x 0.1319 (TJ = 10 12 J)t 
or=Ave flow rate (kg/s)x(inlet enthalpy (kJ/kg)-outlet enthalpy (kJ/kg))x0.03154 

Capacity factor = [Annual Energy Use (TJ/yr)/Capacity (MWt)] x 0.03171 

Note: the capacity factor must be less than or equal to 1.00 and is usually less, 

Since projects do not operate at 100% of capacity all year. 

Note: please report all numbers to three significant figures. 




Maximum Utilization 

Capacity 3 ^ 

Annual Utilization 

Locality 

Type 1 

) 

Flow 

Rate 

Temperature, (°C) 

Enthalpy 2 ', 

(kJ/kg) 

Ave 

Flow 

Energy 4 

) 

Capacity 
Facto t 5) 



Kg/s 

Inlet 

Outlet 

Inlet 

Outlet 

MWt 

Kg/s 

(TJ/yr) 


Llixh 

Elbasan 

B 

15 

60 

18 



2.64 

9 

3.56 

0.042 

Peshkopi 

B 

16 

43 

18 



1.49 

6 

2.4 

0.051 

Hydrat 

B 

18 

55 

18 



2.78 

3 

1.19 

0.013 

Ishem-Bilaj 

B 

3.5 

64 

18 



0.61 

2.5 

0.99 

0.019 

Kozani-8 

B 

10.3 

65.5 

18 



2.05 

1 

0.39 

0.06 

Benje 

B 

30-40 

30.0 

18 



1.75 



0.0 

Sarandaporo 

B 

>10 

26.7 

18 



0.36 



0.0 

Shupal 

B 

>10 

29.5 

18 



0.048 



0.0 












TOTAL 


>112.8 

373.7 

144 



11.728 

21.5 

8.48 

0.131 
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TABLE 4. GEOTHERMAL (GROUND-SOURCE) HEAT PUMPS AS OF 31 DECEMBER 2014 


This table should report thermal energy used (i.e. energy removed from the ground or water) and report 
separately heat rejected to the ground or water in the cooling mode. Cooling energy numbers will be used 
to calculate carbon offsets. 

Report the average ground temperature for ground-coupled units or average well water 
or lake water temperature for water-source heat pumps 

Report type of installation as follows: V = vertical ground coupled 

H = horizontal ground coupled 
W = water source (well or lake water) 

O = others (please describe) 

Report the COP = (output thermal energy/input energy of compressor) for your climate 
Report the equivalent full load operating hours per year, or = capacity factor x 8760 
Thermal energy (TJ/yr) = flow rate in loop (kg/s) x [(inlet temp. (°C) - outlet temp. (°C)] x 0.1319 
or = rated output energy (kJ/hr) x [(COP - 1)/COP] x equivalent full load hours/yr 


(TJ= 10 12 J) 


Locality 

Ground or 
water 

temperature 

( 0 c‘) 

Typical 

Heat 

Pump 

Rating 

Or 

Capacity 

(kW) 

Number 
of Units 

Type 2 

COP 3 

Heating 
Equivalent 
Full Load 

(Hr/yr 4 ) 

Thermal 

Energy 

Used 

TJ/Yr 

Cooling 

Energy 

Used 

TJ/Yr 

Tirana 

(Twins Towers) 

12 

1200 

100 

w 

2.5 

2400 

0.006 

0.008 

Tirana 

(Culture Palace) 

12 

500 

1 

w 

4.06 

880 

0.001 

0.009 

Tirana (Residences) 

12 

2480 

31 

w 

4.0 

2400 

0.0124 

0.01656 

Korge 

(Kindergarten) 

11 

22.7 

1 

w 

5.7 

1300 

0.000066 


Shkoder 

(Kindergarten) 

12 

80 

2 

w 

5.0 

2400 

0.0004 

0.00053 

Shkoder (School) 

12 

180 

2 

w 

4.1 

2400 

0.00081 

0.001077 

Erseke (School) 

10 

34 

1 

w 

4.7 

1300 

0.0001 











TOTAL 






13080 

0.020776 

0.01067 
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TABLE 5. SUMMARY TABLE OF GEOTHERMAL DIRECT HEAT USES AS OF 31 DECEMBER 2014 

1} Installed Capacity (thermal power) (MWt) = Max. flow rate (kg/s) x [inlet temp. (°C) - outlet temp. (°C)] x 0.004184 
or = Max. flow rate (kg/s) x [inlet enthalpy (kJ/kg) - outlet enthalpy (kJ/kg)] x 0.001 

2) Annual Energy Use (TJ/yr) = Ave. flow rate (kg/s) x [inlet temp. (°C) - outlet temp. (°C)] x 0.1319 (TJ = 10 12 J) 

or = Ave. flow rate (kg/s) x [inlet enthalpy (kJ/kg) - outlet enthalpy (kJ/kg) x 0.03154 

3) Capacity Factor = [Annual Energy Use (TJ/yr)/Capacity (MWt)] x 0.031 71 ( MW = 1 0 6 W) 

Note: the capacity factor must be less than or equal to 1 .00 and is usually less, 
since projects do not operate at 100% capacity all year 


Use 

Installed Capacity 1 
MWt 

Annual Energy Use 2 
TJ/Yr=10 12 J/Yr 

Capacity Factor 3 

Individual Space Heating 4 




District heating 4 




Air Conditioning (Cooling) 




Greenhouse Heating 




Fish Farming 




Animal Farming 




Agricultural Drying 5 




Individual Process Heat 6 




Snow Melting 




Bathing and Swimming 7 

9.67 

8.53 

0.28 

Other uses (specify) 




Subtotal 

9.67 

8.53 

0.28 

Geothermal Heat Pumps 

4,446 

o. 020776 

0.00174 

TOTAL 

14,016 

8,550776 

0.0192 


4 Other than heat pumps 

5 Includes drying or dehydration of grains, fryits and vegetables 

6 Excludes agricultural drying and dehydration 

7 Include balneology 


TABLE 6. WELLS DRILLED FOR ELECTRICAL, DIRECT AND COMBINED USE OF 
GEOTHERMAL RESOURCES FROM JANUARY 1, 2005 
TO DECEMBER 31, 2014 (excluding heat pump wells) 

]) Include thermal gradient wells, but not ones less than 100 m deep 


Purpose 

Wellhead 

temperature 

Number wells drilled 

Total depth 
(km) 

Electric 

Power 

Direct Use 

Combined 

Other 

(specify) 

Exploration 1 

alt 






Production 

>150°C 






150-100 °C 






>100 °c 






Injection 

(all) 






TOTAL 


N 

N 

N 

N 
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TABLE 7. ALLOCATION OF PROFESSIONAL PERSONNEL TO GEOTHERMAL ACTIVITIES 

(Restricted to personnel with University degrees) 


(1) Government 

(2) Public Utilities 
3) Universities 


(4) Paid Foreign Consultants 

(5) Contributed Through Foreign Aid Programs 

(6) Private Industry 


Year 

Professional Person-Years of Effort | 

2005 

(i) 

(2) 

(3) 

(4) 

(5) 

(6) 

2006 


5 

9 



7 

2007 


5 

12 


3 

7 

2008 


2 

11 



8 

2009 


2 

14 



8 

2014 


2 

18 



8 



2 

2 



10 

Total 


18 

64 



48 


TABLE 8. TOTAL INVESTMENTS IN GEOTHERMAL IN (2014) US$ 


Period 

Research & 
Development 

Fiedel 

Development 

Including 

Production 

Utilization 

Funding Type 1 

Direct 

Electrical 

Private 

Public 

Million USD 

Million USD 

Million USD 

Million USD 

% 

% 

1995-1999 

0.099 


1.525 


94.0 

6.0 

2000-2004 

0.046 


1.732 


97.5 

2.5 

2005-2009 

0.06 


2.071 


97.2 

2.8 

2010-2014 

0.14 


5.375 


97.4 

2.6 
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Abstract 

Large numbers of geothermal energy of high and low enthalpy resources, a lot of mineral water sources 
represent the base for successfully application of modern technologies in Albania, to achieve economic 
effectiveness. There are many thermal springs and wells. Their water has temperatures that reach values 
of up to 65.5°C [Frasheri A. et al. 2003, 2010, 2013]. 

The geothermal situation of low enthalpy in Albania offers following directions for the exploitation of 
geothermal energy: 

- Firstly, space heating and cooling, 

- Secondly, integrated and cascade use of geothermal waters energy 

In the paper a detailed analyze of the shallow ground heat resources in Albania, in particularly in Tirana 
city, and ways for direct use of this energy concretely for heating in Tirana is presented. 

Geothermal space heating-cooling represent the most important direction is space heating and cooling. 
The Earth Heat can be use for space heating and cooling by modern systems Borehole Heat Exchanger- 
Geothermal Heat Pumps. Direct use of the ground heat by Borehole heat Exchanger-Geothermal Heat 
Pump for space heating and cooling, was programmed to develop in Albania. In the paper is presented a 
detailed analyze of the shallow ground heat resources in Albania, in particularly in Tirana city, and ways 
for direct use of this energy. 

1. Introduction 

Using renewable energy is the trend today in the advanced countries of the world, for several reasons: 
first to fulfill the energy requirements those are not completed by the fuel energy resources and secondly, 
are environmentally friendly energy. During the exploitation of renewable energies are released not 
create greenhouse gases and have not major impacts on the environment, and often affect ecosystems to 
improve. 

It is therefore understandable that energy developments contemporary characterized today in advanced 
countries of the European Community, the USA, Japan etc., By use more and more renewable energy 
like water, the sun, wind, geothermal and biomass. Earth is a hot planet. Volcanoes lava and hot water 
more resources are the best witnesses of the Earth's heat in depth. Direct use of geothermal energy has an 
important place in the energy balance after hydropower. Geothermal energy is alternative energy, 
environmentally friendly, with integral and cascade using [Lund J.W. 1996, Rybach L. 2000]. It is also 
used directly in many areas of life and economic activity. Globally, in 2005 the installed capacity and 
direct geothermal energy used, had this structure [Lund J.W. 2005]: 


Use 

Instated capacity 
(in MWt) 

Used energy 
(in TJ/yr) 

Heat pumps for space heaing and cooling 

15,723 

86,673 

SPA 

4,911 

75,289 

Direct space heating 

4,158 

52,868 

Greenhouses heating 

1,348 

19,607 

Aquaculture 

616 

l-,969 

Industrial using 

489 

11,068 

Cooking 

338 

1,885 

Drying agricultural products 

157 

2,013 

Etc. 

86 

1,045 

TOTAL 

27,825 

261,418 
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The energetic situation in the Albania, the increased demand in premises, the gradual implementation of 
European standards of premises’ heating, are all decisive factors raising the awareness in order to 
contribute in finding optimal solutions to this situation. Actually, the electric energy consummation for 
heating is 1 375 GWh/year, or 23.8 % of the total electric energy production in Albania (Fig. 1) (National 
Agency of Energy, Tirana, 2003). The situation becomes more problematic because the use of natural gas 
for heating emits large quantities of CO 2 in the atmosphere. 

The Earth’s heat is a great source of energy, renewable and friendly to the environment. Direct use of the 
ground heat by Borehole heat Exchanger-Geothermal Heat Pump represents a modem system for space 
heating and cooling [Curtis R. et al. 2005, Frasheri A. et al. 2013, Frasheri A. 2006, Rybach L 2005, 
Sanner B. 2004], Two shallow geothermal sources exist: Ground heat through use of the ground-couplet 
( closed loop), and underground water system {open loop). 


Fig. 1. Electrical power for heating and average 
power without heating in Albania. 

(National Agency of Energy) 



1. Earth’s Heat is alternative energy, environmentally friendly, to be used in Albania 

The real potential of geothermal energy can and should be used for economic purposes in 
Albania. Albanides, representing the geological structures in the Albanian territory, have geothermal flux 
able to be put in use (Fig. 2). In Albania there are also many sources and thermal water wells, geothermal 
energy of low entalpise (Fig. 3). In Albania there are also many sources and wells that provide water 
temperature to 65.5 0 C and debits to 15 1/ sec. These are a source of renewable energy, which should 
begin to be used in Bangladesh. To begin using this energy in Albania should: 

First sensitize public opinion, public administration and Albanian investors for its effectiveness. 

Secondly, currently in Albania have been performed geothermal, hydrogeological, hydrochemical and 
biological of thermal waters, and medical studies that should be used. Faculty of Geology and Mining, 
Polytechnic University of Tirana, published in electronic form "ATLAS OF GEOTHERMAL ENERGY 
RESOURCES IN ALBANIA" (2004), under the National Programme for Research and Development 
"Natural Assets", 2003-2005. Along with the Albanian Academy of Sciences published "ATLAS OF 
GEOTHERMAL ENERGY RESOURCES IN ALBANIA AND PLATFORM FOR THE EARTH HEAT 
USE " (2013). 
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Fig. 2. Heat Flow Density Map of Albania. 
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Fig. 3. Geothermal Thematic Map of Albania. 

Based on the capacity of geothermal energy in Albania, as well as to experience the world of 
exploitation of this energy with modern technology and high economic effectivity, atract the attention of 
the Albanian business community that it is possible to create new profitable businesses in several 
directions: 
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1. Integral and cascade using geothermal waters heat. The use of thermal water sources or wells is 
facilitated by the fact that they are generally located in areas urban developed in Albania. So far only a 
few thermal water resources, as SPA: Lixha in Elbasan, in Bilaj Fushe Kruje, Peshkopi etc. used only for 
the treatment of various diseases. But the use of this energy in a primitive way, as a concept and as a 
development opportunity. This water can be used with high economic efficiency: 

a) Geothermal ecotourism. Suffice it to mention that in Italy, visiting geothermal complex centers 
around 2.5 million tourists / year. Can build hotels with pools of warm water, the sauna, the halls 
and sport fields, with entertainment local, etc. 

b) Modern medical clinics, to attract aldo the foreign patients who want to use the properties of 
rare curative thermominerl waters of our country. 

c) Greenhouse heating and acquaculture development (rare and decorative fish, spirulina and 
other algaes, which produced the most expensive ointments for many diseases and cosmetics. 

d) Salts and utile microelements extraction. 

e) Minerak waters bottling. 

2. Space heating and cooling with modern borehole-vertical heat exchanger system-geothermal 
heat-pump (BHEGHP). Usually, when it comes to geothermal energy, people only mean warm waters 
of sources. This is a part of the truth. But these waters are usually rare and few. What everywhere and in 
large quantities is the heat of subsurface soil layers from up at great depths. Thus, the main source of 
geothermal energy is the heat of these layers. This should be the main direction of the use of geothermal 
energy is the use of layers heat. These systems, for the same heating or cooling capacity, using 
geothermal energy, consuming on average more than 3 times less electricity compared to conditioners 
air-to-air heat pumps, which are used today in our country, or heating with these systems is about four 
times cheaper than heating with oil boiler. 

Alike elsewhere in the world, in Albania the subsurface ground layers contain heat. This energy can be 
successfully exploited in heating the public premises (offices, schools, hospitals, libraries, theatres, 
airports etc.) as well as private premises (houses and apartment buildings), using the modern systems of 
Borehole -Heat Exchanger-Geothermal Heat Pumps. Actually, these modem systems in use, highly 
effective and with low consume of electric energy, technologically advanced and environmental friendly, 
are gaining huge popularity (Curtis, et al. 2005, Lund, 1996, Rybach, et al. 2000, Rybach, 2005, Sanner, 
2004). 

Two kind of technology is possible to applied (Frasheri A. et al. 2013, Lund J. W. 1996, Rybach L. et al. 

2000 ): 

Firstly, ground-source and Borehole heat Exchanger-Geothermal Heat Pump or ground-couplet ( closed 
loop) (Fig. 4a), 

Secondly, underground water, or lake and sea waters system - Geothermal Heat Pump {open loop) (Fig. 
4b). 

Heat from the earth strata obtained through heat exchangers, some types. A vertical heat exchanger (Fig. 

3) , coaxial or U-shaped, installed in 30-150 m deep drilling. Fluid circulating through the heat exchanger 
issued by layers of Earth. These systems are called heat swingers closed circuit. In Albania, where these 
layers have 5-20° C temperature can circulate water exchanger, because there is no risk of it freezing. 
Multiple changers, installed in Push battery is used to heat large buildings or public building block (Fig. 

4 ) • 

Currently these systems are more modern with higher economic efficiency 
and less consumption of electricity, with the most advanced environmentally 
friendly and are becoming more popular. 
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a) b) 

Fig. 4. Borehole- Vertical Heat Exchanger- Geothermal Heat Pump System for space heating and cooling 

scheme, closet loop (a), open loop (b). 

In 26 countries in Europe and the US, according to incomplete data for 2005 are mounted 900 thousand 
installations BHE-HP, in power 12 kW each, for heating and updating of houses-villas, but there are also 
thousands of installations on power up 500-1.500 kW heating institutions and municipal housing blocks 
(Ryback L. et al. World Geothermal Congress 2005). Installed capacity is 15,723 MWT and energy used 
86.673 TJ / year (24.200 GWh). Germany currently has over 40 thousand installations. In 2005 installed 
geothermal heat pumps 6.799 and 1.526 alone air-conditioners with air pumps. Typical example is 
Switzerland, which has 25.000 installations, power pump from 19-40 kW, which use heat of subsurface 
layers of soil temperature 10°C. Austria has 23.000 installations in Sweden 200.000, Denmark 43.000, 
France 40.000, in the USA 600.000 installations etc. [Curtis R. et al. 2005]. 

In order to make use of this renewable geothermal energy and environmental friendly ground heat for 
space heating and cooling in Albania, we have introduced the idea of building a demonstrative 
installation for heating and cooling purposes in Tirana [Frasheri et al. 2003]. The implementation of this 
project contributes in raising the awareness of the public administration, of the business and scientific 
communities, to make use of this economically optimal solution for heating and cooling of premises. The 
public administration should introduce the necessary tools and incentives for enabling the entering into 
the market of such modem and environmentally friendly systems. The business community should have 
in consideration and invest in installation of these Borehole-Heat Exchanger-Geothermal Heat Pumps, 
making way for new businesses. The universities should teach about these modern systems and insists on 
their applicability. 

3. 2. Geothermal energy of the subsurface layers in Albania 

Heat quantity, temperature at Earth surface, and geothermal gradient in shallow geological section, are 
conditioned by geographical location, geomorphological conditions (Earth surface dip and position in 
relation by Sun), ground and bedrocks lithology, specific heat and humidity, season and weather. 
According to the multi annual meteorological surveys result that in average is 140.000 calory/cm heat 
from solar radiation of the ground during the summer at the plane areas of the Albania. Heat quantity 
reaches 120.000 calory.cm-2 at northeaster mountains regions [Gjoka L., 1990]. 

Thermal field distribution and geothermal gradient values in the ground at shallow geological section 
are conditioned that at the depth 100m the temperatures reaches from 16°C up to 18,8°C at plane areas in 
the Ionian tectonic zone and in Peri Adriatic Depression. The areas with a temperature between 18°C and 
19°C are located at Kolonje-Divjake-Kryevidh, Vlore and Sarande- Delvine zones. There are some 
particularities in the distribution of the temperature at the depth 100m (Fig. 5): 

Temperature in subsurface ground at littoral area: 

Minimal temperature is 16,60 °C 

a 


Maximal temperature is 18,80 °C 
Average temperature is 17,80 °C 
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Temperature in subsurface ground at western plane-hilly area: 

Minimal temperature is 17,15 °C 
Maximal Temperature is 18,41 °C 
Average Temperature is 18,0 °C 

Temperature in subsurface ground at hillymountains regions: 

Minimal temperature is 6,70 °C 
Maximal temperature is 18,60 °C 
Average temperature is 14,75 °C 

In plane area of Albania, example in the Tirana field (Rinasi), the temperature is 15,5 °C, up to logging 
depth 31 m, in the Quaternary deposits (Fig. 6) [Frasheri et al. 2003]. According to the well-known data, 
the layers at the depth from 0-8- 10 m have a temperature, which is conditioned by solar radiation 
energy. During the winter, the temperature is lower than during the summer. Below, the ground 
temperature is constant during the year, because don’t have the influence from solar radiation. Depth 
limit of the solar radiation influence zone is not unique. Lateral changes up to 0,5 °C are observed in the 
500m distances, for the same time. These lateral changes are conditioned by lithology of the Quaternary 
loose deposits. The belt of the constant temperature continues up to the depth 50 m in the mountain 
regions of the Albania. Water temperature of the Quaternary sandstone layers is 15-16°C. 

According to the analyze of the geothermal regime of the shallow geological section is concluded that is 
possible to use the ground heat for the space heating and cooling, applied modem Borehole Heat 
Exchanger - Geothermal Heat Pump. Ground geothermal energy has heated the underground water 
reservoir. In Tirana underground water basin are following temperatures: Water temperature of the 
Quaternary gravel layer is 14-15 °C, Consequently, concluded that water of the Tirana underground basin 
can be a heat source for the geothermal pumps. 
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Fig. 5. Temperature Map of Albania, at the depth 100 m. 
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Fig. 6. Thermolog of the Rinasi borehole 



4. Economic evaluation of the proposed scheme 


Heating of the Hotel: 

Total heated surface, for three-floors: 610 m 2 
Heating system: Borehole-Heat Pump-Radiators 
Heating capacity 68,5 KW 
Heating period 1.836 hours 


Heating system, there are analyzed three variants: 

a) Borehole-Geothermal Heat Pump 

b) Oil Fired Boiler 

c) Air-Air Conditioners 

Installed cost for Borehole-Geothermal Heat Pump System: 

Geothermal Heat Pump, with a heating capacity 68,5 kW, 19.840 USD/unit 

Installation of the Geothermal Heat Pump System 1 .800 USD 

Heating and cooling equipment (radiators, pipes etc.) and its installation in the room 16,7 USD/m , 

for 1830 m 3 for all building 25.860 USD 

Providing water to the geothermal heating pump and re-injection of water in the collector after the use 
(Shallow boreholes, circulating pump, pipeline), according to the price index in Tirana: 7.500 USD. 

Total 55.000 USD 90,16 USD/m 2 


Preliminary installed cost for three systems: 

a) Borehole-Geothermal heat pump 

b) Borehole- Vert. Heat Exchanger-heat ump 

c) Oil Fired Boiler 

d) Air-air conditioners, type “General” 


55.000 USD 
87.630 USD 
26.880 USD 
19.970 USD 


Preliminary installed cost for square meters of heated surface: 

a) Borehole-Geothermal Heat Pump 90, 16 USD/m2 

b) Borehole- Vertical Heat Exchanger-Heat Pump 144,17 USD/m2 

c) Oil Fired Boiler 57,04 USD/m2 

d) Air-Air Conditioners, type “General” 33,28 USD/m2 


o 


Preliminary electric energy or fuel yearly consumption (operating) and cost: 

a) Borehole-Geothermal Heat Pump 33.304 KW/y 4.332 USD/y 

b) Oil Fired Boiler 12.282 Lit. oil/y 15.337 USD/y 

c) Air-air conditioners 93.636 KW/y 12.179 USD/y 


Preliminary total yearly heating energy cost (installed and operating cost): - 


a) Borehole-Geothermal Heat Pump 

First year 

866,74 

Second year 

63,23- USD/kW 

b) Borehole- Vert. Heat Exchanger-Heat Pump 

1.342,50 

63,23 

c) Oil Fired Boiler 

728,42 

177,80 

d) Air-air conditioners 

469,49 

261,48 

a) Borehole-Geothermal Heat Pump 

97,33 

7,10 - USD/m 2 

b) Borehole- Vert. Heat Exchanger-Heat Pump 

150,76 

7,10 

c) Oil Fired Boiler 

81,79 

19,64 

d) Air- Air Conditioners 

52,72 

15,60 

e) Electrical Radiators 

29,36 

29,36 


Electric energy or fuel yearly consumption (operating) cost total yearly heating energy cost (Installed and 
operating cost) during 10 years of the different heating system using in the fig. 7 and 8 are presented. 


USD Yearly cummulatice operative cost for electrical energy 

or fuel consumption for heating system 



Fig. 6 


Fig. 7. Yearly accumulative operative cost for electrical energy and fuel consumption for space heating 

system (heating period 1.836 h) 


USD 


Yearly cummulative cost for space heating 



Oil fired boiler System 
Air-Air Conditioner System 

Borehole-VHE-Heat Pump System 
Borehole-Heat Pump System 


20 years 


Fia. 7 


Fig. 8. Yearly accumulative cost for space heating (heating period 1.836 h) 


Installed cost for geothermal system unit result 90- 144 USD/m 2 , and 803-1279 USD/kW, depended from 
the heat source. Borehole- Vertical Heat Exchanger-Geothermal Heat Pump System has the higher cost. 
Lower costs have Borehole-Geothermal Heat Pumps systems, with shallow underground water heat 
source. 

After the data presented in the fig. 7 and 8, results that installed cost for the geothermal systems is 2. 0-2. 8 
much higher than for the boiler or air-air conditioner systems. 

Payback period for the installed cost for the “Borehole-Geothermal Heat Pump” System will be 2 years, 
covered only by expenses savings for boiler fuel, and 4 years, covered only by expenses savings for air- 
air conditioners. 

Payback period for the intailed cost for the “Borehole- Vertical Heat Exchanger-Geothermal Heat Pump” 
System will be 4 years, covered only by expenses savings for boiler fuel, and 8 years, covered only by 
expenses savings for air-air conditioners. 

In fig 9 is presented the graphic of the cost of space heating for different heating systems (in USD/kW). 
According to this graphic results that geothermal heating and cooling system is more economic system. 


Fig. 9. Cost of space heating for different 
heating systems (in USD/m2). 

1- Geothermal System; 

2- Oil Fired Boiler System; 

3- Air- Air Conditioner System; 

4- Electric Radiator System. 

4. Call for investment 
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The heating problem and its economic solution is an important task, taking into consideration the current 
severe energetic crises. One of the ways out is the use of geothermal energy. In Albania there are many 


high-rise building, which are still projected to include oil or gas fired boiler systems, as well as with air 
conditioning units. Air conditioning units heat all public institutions. The hospitals, dorms, hotels are 
heated by oil and gas fired boilers. It is the ripe time to move out of such practices, which do not provide 
for long term sustainable solutions to the heating and cooling problems in Albania. It is the right time to 
introduce systems using renewable energy sources such as the geothermal energy. 

In order to introduce the system of geothermal energy, a renewable and environmental friendly energy 
source, we propose to build a demonstrative installation, heating and cooling any given building in 
Tirana. 

Implementing this project will provide for an optimal and economically efficient solution, which will be 
of benefit to the public administration, business community, as well as to the technical and scientific 
community. It will pave the way for a more economically efficient solution to heat and cool buildings. 
Optimally the government will promote and stimulate the introduction of such systems in Albania. In 
addition there are economic incentives for the business community to invest in this new venture, which 
we believe is the economical solution also for our country. 

4.1. Project goal and objectives 

4.1.1. Project goal: 

a) Design and construction of the demonstrative space heating system, with underground waters or 
shallow ground heating sources. 

b) Albanian investors and communities sensitizing for high economic effectiveness of integrated and 
cascade use of environmental friendly geothermal energy in Albania. 

4.1.2. Objectives: 

1 . Design and construction of the demonstrative space heating system, in one of a new constructed or 
existing building, with oil fired boiler heating system.. 

2. Construction of the demonstrative space heating system. 

3. Knowledge dissemination: Workshops, seminars, TV emissions, lectures in the Universities: “Space 
heating and cooling direct using of the environmental friendly geothermal energy, in the framework of 
the renewable energies use, to improve the country energy balance and an important profitable 
investment present” 

4.1.3. Necessary Investment 

It is necessary to match the installation of the demonstrative geothermal system to the size of the 
building. It is also necessary to have a building, which is heated by a boiler. Initially it would be most 
suitable to build an installation, which will use underground water as the heat source. This will provide 
for a lower cost. 

Based on feasibility study, the installed cost of geothermal heating system, with underground waters heat 
source will be 90- 144 USD/m 2 . Direct use of the Geothermal Energy in Albania must start as soon as 
possible, first of all for the solving of the space heating and cooling. Will be high economic effectiveness 
investment. 

Economical considerations (Curtis, et al. 2005, Lund, 1996, Rybach, et al. 2000, Rybach, 2005, Sanner, 
2004). Actually, the cost of installing the Borehole-Heat Exchanger-Geothermal Heat Pump is higher 
than the conventional fuel installations. Nonetheless, the annual cost of “fuel” of the Borehole-Heat 
Exchanger-Geothermal Heat Pump (Electric energy for the heat pump and circulating pump) are 
considerably lower than the fuel of the conventional heating by gas. For the coefficient of performance 3, 
is saved up to 66% of the electrical energy. Consequently, the payback of the Borehole-Heat Exchanger- 
Geothermal Heat Pump system is shorter than the durability of using the other heating system. 

Environmental considerations. Borehole-Heat Exchanger-Geothermal Heat Pump is an environmental 
system that does not emits CO 2 (“greenhouse effect”), therefore the proprietor avoid paying the tax on 
emittance of CO 2 gas, which is under discussion in the countries of the European Community. 
Governmental support. Japan using the geothermal energy of subsurface ground layers saves up to 40% 



of the total energy (Japan Times, Jan. 21, 2003). The expenses necessary to carry out this project will be 
paid within 10 years. Two thirds of the building costs, valued up to 10 million yen for the government 
and local authorities support each installation. The Japanese government has invested 200 USD for every 
kW of the Heat Geothermal Pump, with an upper limit of 5 200 USD. 
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ABSTRACT 

Resources of Geothermal Energy of low enthalpy in 
Albania, and the platform for their direct use are 
presented in the paper. 

Large numbers of geothermal energy of low enthalpy 
resources are located in different areas of Albania. 
Thermal waters are sulfate, sulfide, methane, and 
iodinate-bromide types. Thermal sources are located 
in three geothermal zones: 

Kruja geothermal zone represents a zone with 
bigness geothermal resources, in carbonate reservoirs. 

Ardenica geothermal zone is located in the coastal 
area of Albania, in sandstone reservoirs. 

Peshkopia geothermal zone at northeastern area of 
Albania. Several springs are located with disjunctive 
tectonics of the gypsum diapir. 

The geothermal situation in Albania offers three 
directions for the exploitation of geothermal energy: 

Firstly, the use of the ground heat flow for space 
heating and cooling, by borehole heat exchanger-heat 
pumps systems. 

Secondly, thermal sources of low enthalpy are natural 
sources or wells in a wide territory of Albania. They 
represent the basis for a successful use of modem 
technologies for a complex and cascade exploitation 
of this energy: 

1. SPA clinics for treatment of different diseases and 
hotels for eco-tourism. 

2. The hot water for heating and sanitary waters of the 
SPA and hotels, greenhouses and aquaculture 
installations. 

3. From thermal waters it is possible to extract 
chemical microelements. 

Thirdly, the use of deep abandoned oil and gas wells 
as “Vertical Earth Heat Probe”. 


1. INTRODUCTION 

Geothermal Resources of Albania evaluation and 
platform for their use, are based on the results of more 
than two decades of geothermal studies. 

- Geothermal Atlas of Albania and Atlas of 
geothermal resources in Albania (2004), have been 
performed in framework of the of the Committee for 
Sciences and Technology of Albania projects, by 
agreement between the Faculty of Geology and 
Mining, and the Geophysical Institute, Czech Acad. 
Sci., Prague, European Commission- International 
Heat Flow Commission (Frasheri A. 1992, Frasheri A. 
et al. 1994, 1995, 1996). Geothermal team of the 
Faculty of Geology and Mining, have been worked for 
the UNDP-GEF/SGP Tirana Office project ( 2003), 
and “Geothermal Resources of Albania and platform 
for their use”, in the framework of the National 
Program for Research and Developing, Natural 
Resources, 2003-2005 (Frasheri A. et al. 2003, 2004, 
2005). Has been published in electronic format the 
“Atlas of Geothermal Resources in Albania (Frasheri 
A. et. al. 2004), and in hard format “Geothermal Atlas 
of Albania and platform for use of Earth’s Heat” 
(2013). 

Geothermal team from Faculty of Geology and 
Mining and Department of Energy of Faculty of 
Mechanical Engineering, during 2008 has worked for 
the Project: “Platform for integrated and cascade use 
of geothermal energy of low enthalpy in the 
framework of energetic balance of Albania”, in the 
framework of the National Program for Research and 
Development, “Water and Energy” 2007-2009. Have 
been published a monograph: “Space Heating/Cooling 
Borehole- Vertical Heat Exchanger-Heat Pump 
System” (Frasheri A. et. al. 2008). In same time, we 
had prepared three project ideas: “Geothermal Center 
for integrated and cascade direct use of geothermal 
energy of Kozani-8 well, near Elbasani City” (spa- 
hotel with hot pools, greenhouse and aquaculture 
instalations (spirulina and fish), Project idea for space 
heating of Korga University using borehole-vertical 
heat exchanger-heat pump system, and project idea for 
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set up of the “Geo-Energy Ressouces Laboratory” in 
the Department of Energy Reasources, Faculty of 
Geology and Mining (Frasheri A. et al. 2008, 2009). 
“Geothermal Resources of Albania and platform for 
their use”, monograph, was published during 2010 by 
Faculty of Geology and Mining, Faculty of 
Mechanical Engineering, Polytechnic University of 
Tirana (Frasheri A. & Kodhelaj N., 2010). 

The Promemory “Earth Heat is an alternative, environ 
friendly renewable energy, which is necessary to use 
in Albania” has been addressed to the Albanian 
Government. 

Periodically, results of the geothermal energy studies 
in Albania have been published and presented in 
International Symposiums, Conferences and 
Workshops. 

In Albania there are many thermal water springs and 
wells of low enthalpy, with a temperature of up to 
65.5°C, which indicates that there are possibilities for 
direct use of the geothermal energy. In Albania the 
new technologies of direct use of geothermal energy 
are either partly developed or remain still untouched. 
Integrated and cascade use of geothermal energy of 
low enthalpy will be represent an important direction 
for profitable investment. Exploitation of geothermal 
energy will have a direct impact in the development of 
the regions, by increasing their per capita income and 
at the same time ameliorating the standard of living of 
the people. 

2. GEOLOGY BACKGROUND 

The Albanides represent the main geological 
structures that lie on the territory of Albania. They are 
located between the Dinarides in the north and the 
Helenides in the south, and together they form the 
Dinaric Branch of Mediterranean Alpine Belt. 
Albanides are divided in two big peleogeographical 
zones: the Inner Albanides and the External 

Albanides. Korabi, Mirdita (ophiolitic belt), presents 
the Inner Albanides and Gashi zones. The Alps, the 
Krasta-Cukali, the Kruja, the Ionian zone, the Sazani 
zone and the Pre-Adriatic Depression present the 
External Albanides. Depression as a part of Albanian 
Sedimentary Basin continued towards the shelf of the 
Adriatic Sea. The geological cross-section of Albanian 
Sedimentary Basin is about 15 km thick and it 
continues also in the Adriatic Sea Shelf. 

Ionian zone is developed as a large pelagic trough in 
the Upper Triassic. There, the evaporites of the 
Permian-Triassic are overlapped by a thick carbonate 
formation of the Upper Triassic-Eocene. The 
geological section on this carbonate formation is 
covered by Oligocene flysch, a flyschoid formation of 
the Aquitanian and by schilieres of the Burdigalian, 
Helvetian and particularly of Serravalian- Tortonian 
molasses. Burdigalian deposits are overlapped 
transgressively with an angular unconformity, 
anticline belts. The Tortonian Age deposits have filled 
the synclinal belts of Ionic and Kruja tectonic zones. 


Miocene and Pliocene molasses of Peri-Adriatic 
Depression overlies the structures of northern part of 
the Ionian zone. The structure of Neogene molasses 
represents the upper tectonic stage of the structure of 
the Peri-Adriatic Depression. 

In the over part of the section of Kruja zone, the 
carbonate neritic rocks of the Cretaceous-Paleogene 
age are overlying the Oligocene flysch of a thickness 
of 5 km. 

The structures of the Albanides are typically Alpine 
ones. The SSE-NNW directions represent their general 
strike. The structures are asymmetrical and have a 
western vengeance. Recumbent, overthrusted and 
overtwisted structures are found, too. Generally, their 
western flanks are affected by disjunctive tectonic. 

3. METHODS AND STUDY AREA 

Geothermal studies carried out in Albania are oriented 
toward the study of the distribution of the geothermal 
field and the natural thermal water springs and wells. 
Geothermal studies were extended all over the 
country. 

The temperatures have been measured and the 
geothermal gradient and the heat flow density at 
different depths have also been calculated (Frasheri et 
al. 1995). Temperature measurements were carried out 
both in 145 deep wells, in boreholes and in mines, at 
different hypsometric levels. The temperature in the 
wells was recorded at regular intervals. It was 
measured by means of resistance and thermistor 
thermometers. The average absolute measurement 
error was 0.3 °C. The measurements were carried out 
in a steady-state regime of the wells filled with mud or 
water. The recorded data were processed using the 
trend analysis of first and second degrees. The 
chemical composition of the waters was found. The 
output of the springs and wells and their hydrogeology 
was evaluated. 

4. RESULTS 

4.1. Geothermal Regime 

The Geothermal Regime of the Albanides is 
conditioned by tectonics of the region, lithology of 
geological section, local thermal properties of the 
rocks and geological location (Frasheri A. 1992, 
Frasheri et al. 1994, 1995, 2004, 2010). 

4.1.1. Temperature 

The geothermal field is characterized by a relatively 
low value of temperature. The temperature at 100 
meters depth varies from less than 10 to almost 20°C, 
with lowest values in the mountain regions. The 
temperature is 105.8°C at 6000 meters depth, in the 
central part of the Peri-Adriatic Depression. The 
isotherm runs parallel the Albanides strike (Fig. 1). 
Going deeper and deeper the zones of highest 
temperature move from southeast to northwest, 
towards the center of the Peri-Adriatic Depression and 
even further towards the northwestern coast. The 
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temperatures in ophiolitic belt are higher than in 
sedimentary basin, at the same depth. 

4.1.2. Geothermal Gradient 

In the External Albanides the geothermal gradient is 
relatively higher (Fig. 2).. The geothermal gradient 
displays the highest value of about 21.3 mK.m" 1 in the 
Pliocene clay section in the centre of Peri-Adriatic 
Depression. The largest gradients are detected in the 
anticline molasses structures of the center of Pre- 
Adriatic Depression (Fig. 5). The gradient decreases 
about 10-29% where the core of anticlines in Ionic 
zone contains limestone. The lowest values of 7-11 
mK.m" 1 of the gradient are observed in the deep 
synclinal belts of Ionic and Kruja tectonic zones. 

In the ophiolitic belt of the Mirdita tectonic zone, the 
geothermal gradient values increase up to 36 mK.m' 1 
at northeastern and southeastern part of the Albania. 

4.1.3. Heat Flow Density: 

Regional pattern of heat flow density in Albanian 
territory is presented in the Heat Flow Map. There are 
observed two particularities of the scattering of the 
thermal field in Albanides (Fig. 3): 

Firstly, maximal value of the heat flow is equal to 42 
mW/m 2 in the center of Peri-Adriatic Depression of 
External Albanides. The 30 mW" 2 value isotherm is 
open towards the Adriatic Sea Shelf. These 
phenomena have taken place owing to the great 
thickness of sedimentary crust, mainly carbonate one 
in this zone. 

Secondly, in the ophiolitic belt at eastern part of 
Albania, the heat flow density values are up to 60 
mW/m 2 . The contours of Heat Flow Density give a 
clear configuration of ophiolitic belt. Radiogene heat 
generation of the ophiolites is very low. In these 
conditions, increasing of the heat flow in the ophiolitic 
belt, is linked with heat flow transmitting from the 
depth. The granites of the crystalline basement, with 
the radiogenic heat generation, represent the heat 
source. 

4.2. Geothermal energy resources in Albania 

Large numbers of geothermal energy of low enthalpy 
resources are located in different areas of Albania. 
Thermal waters with a temperatures that reach values 
of up to 65.5°C are sulfate, sulfide, methane, and 
iodinate-bromide types (Frasheri A. et al. 1996, 2004, 
2010) (Tab. 1, Fig.4). In many deep oil and gas wells 
there are thermal water fountain outputs with a 
temperature that varies from 32 to 65.5°C (Table 2, 
Fig. 3) 

Albanian geothermal areas have different geologic and 
thermo-hydrogeological features. Thermal sources are 
located in three geothermal zones (fig. 4): 

Kruja geothermal zone represents a zone with 
bigness geothermal resources. Kruja zone has a length 
of 180 km. Kruja Geothermal Zone is extended from 
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Adriatic Sea at North and continues in South-Easter 
area of Albania and in Konitza area in Greece. Photo 1 
shows Lengarica - Permet thermal springs at southern 


Albania. Identified resources in carbonate reservoirs in 
Albanian side are 5.9xl0 8 -5.1xl0 9 GJ. The most 
important resources, explored until now, are located in 
the Northern half of Kruja Geothermal Area, from 
Llixha-Elbasan in the South to Ishmi, in the North of 
Tirana. The values of specific reserves vary between 
38.5-39.63 GJ/m 2 . 

Kruja geothermal area represents an anticline structure 
chain with carbonate core of Cretaceous-Eocene age. 
They are covered with Eocene- Oligocene flysch. 
Anticlines are linear with as length of 20-30 km. They 
are asymmetric and their western flanks are separated 
from disjunctive tectonics. Geothermal aquifer is 
represented by a karstified neritic carbonate formation 
with numerous fissures and micro fissures. 

In the Ishmi area, Ishmi 1-b well has been drilled in 
1994. It is situated in the top part of the limestone 
structure. It is located 20 km North- West of Tirana, in 
the plain area, near “Mother Theresa” Tirana airport. It 
meets limestone at 1300m of depth and goes through a 
carbonate coupe of 1016 m thickness. 

Kozani 8 well has been drilled in 1989 (Photo 2). It is 
situated 35 km South- East of Tirana and 8 km North- 
West of Elbasani. It is situated on hills close to Tirana- 
Elbasani national road. It meets limestone at 1 8 1 0m of 
depth and goes 10m deep in them. 

Since the end of the drilling to this day hot water 
continues to fountain from Ishmi 1-b and Kozani 8 
wells. 

Elbasani Llixha watering place is about 12 km South 
of Elbasani. There are seven spring groups that extend 
like a belt with 320° azimuth. All of them are 
connected with a the main regional disjunctive 
tectonics of Kruja zone. Thermal waters flow out 
through the contact of conglomerate layer with 
calcolistolith. In this area too, the reservoir is 
represented by the Llixha limestone structure. These 
springs have been known before Second World War. 

Surface water temperatures in the Tirana-Elbasani 
zone vary from 60° to 65.5°. In the aquifer top in the 
well trunk of Kozani 8 temperature is 80°C. Hot water 
is mineralized, with a general mineralization of 4.6- 
19.3 g/1. Elbasani Nosi Llixha water has the following 
formula: 


^ 2 ^ 0 . 403 ^ 7.1 


a^so^ 

-V 


Peshkopia geothermal zone is situated in the 
Northeast of Albania. Two kilometers East of 
Peshkopia some thermal springs are situated very 
close to each other. These thermal springs flow out on 
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Banja river slope. These springs are linked with the 
disjunctive tectonic seismic-active zone Ohrid Lake- 
Debar, at periphery of gypsum diapir of Triassic age 
that has penetrated Eocene flysch which surround it 
like a ring. The occurrence of thermal waters is 
connected with the low circulation zone always under 
water pressure. They are of sulfate-calcium type, with 
a mineralization of up to 4.4 g/1, containing 50 mg/1 
H 2 S. Their chemical formula is: 

cvo 4 

TT o liyf 

TJ 2°0.0495 1V1 4A ^ 

Ca 65 

Yield of some of the springs goes up to 14 1/sec. 
Water temperature is 43.5 °C. 


THERMAL WATER SPRINGS IN ALBANIA 

Tab 1 


N* of 
Springs 

Location 

Temperature 
in *C 

1 I 

Salt 
in mg/1 

Artesian 
Spnng 
yield in 
U-1 

1 

. « a Elbasan 

60 

6.3 

15-18 

2 

Peshkopi 

5-43 

4.2 

23 

3 

Lenganca-Permet 

6-31 

1.65 

>10 

4 

Sarandopoco-Leskovi < 

26 7 

U 

>10 

5 

*e'vo Gr.imah 

24 


>10 

6 

Mamurraa-T rane 

21 

5.4 

>10 

7 

Steam-Postenam 

spring 



THE OIL AND GAS WELLS THAT HAVE SELF- 
DISCHARGE OF THE THERMAL WATER 

Tab. 2 


N° 

Well Name 

Temperature 

Salt 

in rng.1* 1 

Self- 

discharge 
in l-acc* 1 

1 

Kozani 

65.5 

4.6 

10,4 

2 

Mmi 

64 

15 

4,4 

3 

Jhypal-Tininu 

29.5 

1.6 

1.6 

4 

GtKptti 

45-50 

5,7 

0,9 

5 

BuhitliiM 

48-50 

35 


6 

Ardenica 3 

38 

38,2 

15-18 

7 

Axsemes 12 

32 

53,6 

5-18 

8 

Scmani 1 

35 


5 


Swmuni 3 

67 

20,7 

30 

9 

Verbis i 

29.3 

8,2 

1-3 


Water temperature and large yield, stability, and also 
aquifer temperature of Peshkopia Geothermal Area 
similar are with those of Kruja Geothermal Area. For 
this reason geothermal resources of Peshkopia Area 
have been estimated to be similar to those of Tirana- 
Elbasani area. 

Ardenica geothermal zone is located in the coastal 
area of Albania, in sandstone reservoirs. 



Photo 1 . Langarica-Permeti thermal water springs 



Photo 2. Geothermal deep well Kozani - 8 
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Fig. 5 - Geothermal Section Peri- Adriatic Depression 


5. PLATFORM FOR THE DIRECT USE OF 
GEOTHERMAL ENERGY OF LOW 
ENTHALPY IN ALBANIA 

The geothermal situation of low enthalpy in Albania 
offers three possibilities for the direct use of 
geothermal waters energy. Geothermal energy 
exploitation must be realized by integrated scheme of 
geothermal energy, heat pumps and solar energy, and 
cascade use of this energy (Frasheri A. 2001, Frasheri 
A. et al. 2003, 2004, 2008,2009, 2010). 

Firstly, the Ground Heat can be use for space heating 
and cooling by Borehole Heat Exchanger-Geothermal 
Heat Pumps modem systems. At the present in 
Albania have been installed geothermal heating 
systems in six buildings in different cities: Tirana, 
Korga, Shkodra, Erseka. 

Secondly, thermal sources of low enthalpy and of 
maximal temperature up to 65.5 °C. 

Thermal waters of springs and wells may be used in 
several ways: 


1. Modern Wellness SPA for treatment and healing of 
different diseases, recreation, thermal physical and 
mental relaxation, with thermal bath and pools, sauna, 
massages, fitness and activities for development of 
eco-tourism. Such centers may attract a lot of clients 
not only from Albania, because the good curative 
properties of waters and springs are situated at nice 
places, near seaside, Gjinari Mountain or Ohrid Lake. 

The oldest and important is Elbasani Llixha SPA is 
located in Central Albania. By national road 
communication, Llixha area is connected with 
Elbasani. These thermal springs from about 2000 
years ago are known, near of the old road “Via 
Egnatia" that has passed from Durresi-Ohrid- to 
Constantinople. All seven groups of the springs in 
Llixha Elbasani and Kozani-8 well, near of Saint 
Vladimir Monastery at Elbasani, have the possibilities 
for modern complex exploitation. Ishmi 1/b 
geothermal well is located in beautiful Tirana field, 
near of Mother Theresa- Tirana Airport, near of the 
Adriatic coastline and Kruja - Skanderbeg Mountain. 
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Peshkopia SPA was constructed by modern concepts 
as balneological geothermal center. There are thermal 
pools, for medical treatment and recreation. 
Construction of the Peshkopia SPA must been good 
example for new SPA construction in Albania. 

2. The hot water can be used also for heating of hotels, 
SPA and tourist centers, as well as for the preparation 
of sanitary hot water used there. 

3. Near thermal water springs and wells it is possible 
to build the greenhouses for flowers and vegetables, 
asparagus cultivation, etc. 

4. Aquaculture installations for cultivation of the 
micro-alga as spirulina etc. for alimentary industry, 
preparation of pomades, and fish cultivation will be 
other profitable activities. 

5. From thermal mineral waters it is possible to extract 
very useful chemical microelements as iodine, 
bromine, chlorine etc. and other natural salts, so 
necessary for preparation of pomades for the treatment 
of many skin diseases as well as for beauty treatments. 
From these waters it is possible to extract sulphidric 
and carbonic gas. 

6. Scientific research for study of the possibility of 
generating electricity from geothermal sources of low 
enthalpy, about 80°C, as good local energy sources 
and provides a secure domestic energy supply with 
stable output. 

Thirdly, the use of deep doublet abandoned oil and 
gas wells and single wells for geothermal energy, in 
the form of a “Vertical Earth Heat Probe”. The 
geothermal gradient of the Albanian Sedimentary 
Basin has average values of about 18.7 mK m" 1 . At 2 
000 m depth the temperature reaches a value of about 
48°C. In these single abandoned wells a closed circuit 
water system can be installed. Near of these wells, can 
be build greenhouses. 

Actually in Albania is prepared a platform with 
scenarios for integrated and cascade use of the 
geothermal energy, in the framework of the National 
Program for Research and Development, Water and 
Energy (2007-2009). Based on complex analysis, for 
the best area selected according to the scenarios, a 
Feasibility Study is performed to analyze three 
components: energy supply, environmental impact and 
financial aspects, and to suggest the best solution of 
the innovative geothermal energy utilization 
technology applications in that area. 

Consequently, the sources of low enthalpy geothermal 
energy in Albania, which are at the same time the 
sources of multi-element mineral waters, they 
represent the basis for a successful use of modern 
technologies for a complex and cascade exploitation 
of this environmental friendly renewable energy, 
achieving a economical effectiveness. Such 
developments are useful also for the creation of new 
working places and improvement of the level of life 
for local communities near thermal sources. 


6. CONCLUSIONS 

1. Albania has geothermal energy resources, which 
can be direct use as alternative, environmental friendly 
energy. 

2. Resources of the geothermal energy in Albania are; 

• Natural springs and deep wells with thermal 
water, of a temperature up to 65.5°C. 

• Heat of subsurface ground, with an average 
temperature of 16.4°C and depth Earth Heat 
Flow. 

3. Construction of the space-heating system, based on 
direct use of ground heat, by using of the shallow 
borehole heat exchanger (BHE)-Heat Pumps systems, 
is actually most important direction of the use of 
geothermal energy. 
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2. Studimet sizmologjike 
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5.6. Elektrometria ne kerkimet arkeologjike 
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3. Krahasimi i plan eve mesimore te studimeve bachelor ne shkencat e 
tokes 

midis Fakultetit te Gjeologjise dhe te Minierave te Universitetit 
Politeknik te Tiranes dhe Universita Degli Studi di Trieste, Itali 

4. Mesimet praktike dhe laboratorike 

5. Fushat e kerkimit shkencor ne Seksionin e Gjeofizikes per 
periudhen 1961-2005 

Botimi i teksteve mesimore e monografive. 

Pjesa e trete: PERFUNDIME 
Pjesa e katert: REKOMANDIME 



1562 


Pjesa e pare 

ZHVILLIMI DHE NIVELI SHKENCORO-TEKNOLOGJIK I 
GJEOFIZIKES NE SHQIPERI 

Studimet dhe kerkimet gjeofizike jane kryer ne Shqiperi per me shume 
se 60 vjet, kryesisht per kerkimin e naftes e te gazit, te mineraleve 
xeherore dhe per studimet krahinore. Fillimet e para te kerkimeve 
gjeofizike i perkasin viteve tridhjete, me rilevimet gravimetrike, 
magnetometrike dhe sondime elektrike te kryera nga shoqeri italiane 
ne vitet 30-40 ne Kugove, ne Selenice, ne Derven etj. Kerkimet 
gjeofizike ne poligone te medhenj dhe sistematike filluan ne vitet 50-te, 
per kerkimin e naftes dhe te gazit. Gradualisht, metoda te ndryshme 
filluan te zbatohen: 

• Rilevimet gravimetrike per kerkimin e naftes, nga viti 1950. 

• Sondimet elektrike ne Ultesiren Pranadriatike ne kuadrin e 
kerkimeve te naftes dhe te gazit, qe nga viti 1950, 

• Karotazhet e puseve te naftes, qe nga viti 1950. 

• Punimet sizmike te para filluan te kryhen ne vitin 1952 per 
kerkimin e naftes dhe te gazit, 

• Punimet elektrometrike per kerkimin e bakrit nga viti 1953, si 
edhe te kromit me rilevimet magnetometrike ne vitin (1957) dhe 
gravimetrike (1958). 

• Studimet radiometrike nga viti 1959. 

• Temperaturat ne thellesi te tokes ne puset e thelle te naftes jane 
regjistruar qysh nga viti 1951, por studimet gjeotermike te 
specializuara filluan ne vitin 1989. 

• Studimi dhe kerkimet gjeofizike ne shelfin detar te Adriatikut, me 
vrojtime eksperimentale prej vitit 1973 dhe ne periudhen 1982- 
1984 per kerkim ne te gjithe shelfin nga Vlora ne Shengjin. 

Punimet gjeofizike ne vitet tridhjete u kryen nga gjeofizike t e 
shoqerive italiane. Kerkimet gjeofizike ne fillimin e viteve pesedhjete u 
kryen nga gjeofizike sovjetike dhe gjermane. Nga viti 1951 u kthyen 
nga studimet jashtre shtetit inxhinjeret e pare gjeofizike Teki Bigoku e 
Hasan Topgiu (1951), Ligor Lubonja (1957) dhe Nevruz Kodheli (1960). 
Ne ate kohe u pergatiten edhe tekniket e pare gjeofizike, ne karotazhet 
e naftes Hamdi Bejtja (1951), Alfred Frasheri (1953), Vasil Nasi (1956), 
Pertef Nishani (1957) etj., per punimet sizmike Besnik Pustina (1954), 
etj. U rispecializuan si gjeofizikane inxhinjere te specialiteteve te tjera, i 
pari midis te cileve Agim Luari (1955), Anastas Dodona (1959), etj. 

Studimet gjeofizike ne Shqiperi nga viti ne vit erdhen duke u 
zhvilluar si kompleks metodash, si nivel teknologjik vrojtimi dhe 
interpretimi , si edhe eshte ngritur me lart bashkerendimi me metodat 
e tjera gjeologjike e gjeokimike. Nje analize e hollesishme e zhvillimit 
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dhe nivelit te tyre do te behet ne paragrafet e meposhtem, vegmas per 
sejcilen metode. 

Deri ne vitet nentedhjete, studimet dhe kerkimet gjeofizike 
kryheshin nga: 

1. Ndermarrja Gjeofizike, e cila me pas u shnderrua ne QencLren e 
Kerkimeve Gjeofizike dhe Gjeokimike, ne sherbimin Gjeologjik Shqiptar, 
me qender ne Tirane, 

2. Ndermarrja Albseis e industrise se naftes, me qender ne Fier, 

3. Ndemarrja e Gjeofizikes Kantierale ne Industrine e Naftes, ne Patos. 

4. Institutin e Naftes e te Gazit, ne Fier. 

Ne Ndermarjen Gjeologji-Gjeodezi te Ministrise se Ndertimit dhe 
ne ate te Hidrogjeologjise kane funksionuar dy ekspedita gjeofizike te 
specializuara per gjeofiziken inxhinjerike (1983) dhe kerkimet e ujit ne 
fillimin e viteve tetedhjete. 

Studimet Sizmologjike te termeteve dhe te sizmologjise 
inxhinjerike kryhen nga Instituti i Sizmologjise se Akademise se 
Shkencave. 

Pergatija e inxhinjereve gjeofizike dhe kualifikimi i tyre 
pasuniversitar behet ne Seksionin e Gjeofizikes ne Fakultetin e 
Gjeologjise dhe te Minierave, Universiteti Politeknik i Tiranes, qysh prej 
vitit 1961. 

Gjeofizikanet Shqiptare kane krijuar qysh ne vitin 1989 edhe 
Shoqaten Gjeofizike te Shqiperise, e cila eshte pjese e Bashkimit 
Shqiptar te Gjeoshkencetareve dhe Inxhinjereve, si edhe anetare e 
European Association of Geoscientists and Engineers dhe e Balkan 
Geophysical Society. 

Kerkimet gjeofizike ne Shqiperi kane nje spekter te gjere te 
zbatimit te tyre: 

1. Ne ndihme te rajonizmit tekntonik te Albanideve dhe te 
hartografimeve gjeologjike te shkalleve te ndryshme, 

2. Te kerkimit dhe gjate shfrytezimit te vendburimeve te naftes e gazit, 

3. Ne kerkimin dhe zbulimin e mineraleve metalore si bakri, kromi, 
hekur-nikeli, boksidet, minerale te tjera si azbesti, sera, qymyret e 
gurit, fosforitet, shkriferimet e mineraleve te renda, te rralla e te 
gmuara, kriperat, te materialeve te ndertimit, 

4. Ne studimin e truallit ku jane ndertuar hidrocentrale, hekurudha, 
fabrika e uzina, banesa qytetare, tunele, ne vleresimin e stabilizimit te 
shpateve, ne vleresimin e gjendjes se digave te hidrocentraleve dhe te 
sistemeve te ujitjes, te ndertesave etj. 

5. Per zgjedhjen e detyrave mjedisore per njohjen e gjeomjedisit dhe 
impakteve mbi te. 
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Punimet gjeofizike jane shtrire ne stere dhe ne shelfin e Detit 
Adriatik. 

Drejtim i rendesishem i gjeofizikes ne Shqiperi jane studimet 
sizmologjike. Ato jane kryer nga Instituti i Sizmologjise, Akademia e 
Shkencave. Keto studime i perkasin tre fushave: sizmotektonike, 
sizmologjia inxhinjerike dhe inxhinjeria e termeteve. Stacioni i pare 
sizmologjik u ngrit ne vitin 1968 prane Katedres se Gjeofizikes (E. 
Sulstarova, S. Kogiu) dhe ne 1972 u ngrit Qendra Sizmologjike ne 
Akademine e Shkencave, e cila ndertoi rrjetin sizmologjik te Shqiperise 
me 13 stacione: Tirane, Korge, Shkoder, Kukes, Vlore, Sarande etj. 

Per kryerjen e kerkimeve dhe punimeve gjeofizike kane punuar 276 
inxhinjere gjeofizike, si edhe dhjetra fizikane, inxhinjere elektrike e 
radioteknike etj. Midis tyre ka 45 doktore shkencash, 7 profesore, 1 
asistent professor, 9 drejtues kerkimi dhe 12 mjeshtra kerkimesh. 
Nder studiuesit ne fushen e gjeofizikes se zbatuar kane dhene 
kontributin e gmuar Prof. Dr. Alfred Frasheri, Drejtues Projekti, Dr. Ali 
Mema, Dr. Aleko Stamata, Inxh. Agim Luari, Inxh. Anastas Dodona, 
Mjeshter Kerkimi Dr. Caush Xhufi, Prof. Dr. Daver Qano, Inxh. Enriko 
Veizi, Inxh. Hasan Topgiu, Inxh. Hidai Haxhiu, Mjeshter Kerkimi Dr. 
Fatmir Fezga, Mjeshter Kerkimi Dr. Ferdinat Dafa, Dr. Kliti Verria, 
Drejtues Kerkimi, Dr. Llambi Langora, Doc. Ligor Lubonja, Inxh. Neim 
Qavani, Inxh. Nevruz Kodheli, Fizikant Nikolin Leka, Prof. Dr. Pertef 
Nishani, Prof. Dr. Perparim Alikaj, Drejtues Kerkimi. Dr. Radium 
Avxhiu, Prof. Dr. Rushan Ligo, Dr. Salo Arapi, Prof. Dr. Salvator 
Bushati, Prof. Dr. Siasi Kogiu, Dr. Stavro Dhima, Prof. Dr. Akademik 
Teki Bigoku, Dr. Thanas Andoni, Drejtues Kerkimi Dr. Vilson Bare, Dr. 
Vladimir Veizaj, etj. 

Ne fushen e sizmologjise renditen per kontributin e tyre: Prof. Dr. 
Akademik Eduard Sulstarova, Prof. Dr. Siasi Kogiu, Prof. Dr. Shyqyri 
Aliaj, Prof. Dr. Betim Mugo, Prof. As. Dr. Jani Skrame, Prof. As. Dr. 
Llambro Duni etj. 

Ne Shqiperi studimet dhe kerkimet komplekse gjeofizike jane 
realizuar me anen e metodave: gravimetri, magnetometri, elektrometri, 
sizmike, radiometri, gjeotermi dhe studimi gjeofizik i puseve (karotazh). 
Ka qene e rendesishme ndihmesa e gjeofizikes ne zbulimin e 
vendburimeve te naftes Marinze, Kallm-Verri, Kolonje, Vurg, Cakran, 
Mollaj, Amonice etj, si edhe te gazit Divjake, Veri te Divjakes, Ballaj- 
Kryevidh, Frakull, Povelge, Panaja , Durres, te bakrit ne Gjegjan, Tug, 
Qafe Bari, Kaginar, Paluce e Laku i Roshit, Karme, Perlat, Golaj etj, si 
edhe gjate kerkim-zbulimit te vendburimeve te kromit, te fosforiteve, te 
qymyreve, te boksideve, te asbestit etj. Hartat krahinore gravimetrike, 
magnetike, gjeotermale dhe te rajonizimit sizmologjik jane pjese e 
rendesishme e studimeve per njohjen e ndertimit gjeologjik te 
Albanideve. 
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Gjate nje periudhe pesembedhjete vjegare, vitet e fundit, 
rezultatet me te mira te kerkimeve dhe studimeve gjeofizike jane 
botuar ne periodikun shkencor dhe si monografi, si edhe jane referuar 
me sukses ne konferenca e kongrese shkencore ne vend dhe 
nderkombetare, ne Europe, SH.B.A., ne Japoni etj. 

Pesembedhjete vitet e fundit perfaqesojne edhe periudhen e 
zgjerimit te fushave te zbatimit te metodave gjeofizike per zgjidhjen e 
detyrave gjeoteknike (studimi i truallit ne zonat e ndertimit, kontrolli i 
digave dhe i qendrueshmerise se shpateve dhe te rreshqitjeve), 
kerkimet hidrogjeologjike, mikrozonimi i qyteteve kryesore te 
Shqiperise, studimi dhe vleresimi i energjise gjeotermale, studime te 
gjeomjedisit dhe te impakteve mbi te, etj. 

Pergatitja e inxhinjereve gjeofizike dhe kualifikimi i tyre 
pasuniversitar eshte kryer vazhdimisht ne Degen e Gjeofizikes ne 
Departamentin e Shkencave te Tokes, Fakulteti i Gjeologjise dhe i 
Minierave, prane Universiteti Politeknik i Tiranes. Periudha e 
studimeve eshte 5 vjet per inxhinjeret, 1 vit per SHPU dhe 3 vjet per 
studimet e doktorates. Sipas planit mesimor te hartuar ne kuadrin e 
Protokollit te Bolonjes dhe qe ka filluar te zbatohet ne vitin akademik 
2005-2006, periudha e studimeve do te jete 3 vjet per diplomen 
bachelor dhe 2 vjet per diplomen master. Aktualisht, Seksioni i 
gjeofizikes po punon per ti hartuar edhe programet e lendeve mesimore 
ne pajtim me zhvillimet aktuale te gjeofizikes, kerkesat e ekonomise se 
tregut dhe sipas planit mesimor te perpiluar ne kuadrin e zbatimit te 
Protokollit te Bolonjes. 

1. ZHVILLIMI I PUNIMEVE SIZMIKE NE SHQIPERI 

Punimet sizmike ne Shqiperi filluan te kryhen per here te pare ne 
vitin 1952, ku ne kuadrin e Ndermarrjes se Nafte-Gaz-Bitumit, qe 
merresh me studime gjeologjike strukturore dhe me kerkimin e naftes, 
gazit e bitumit, u krijua edhe ekspedita sizmike me dy stacione sizmike 
me regjistrim oshilografik 26 kanalesh te tipit SS-26D, prodhim 
sovjetik. Ekspedita drejtohej nga specialistet sovjetike. 

U eksperimentua zbatimi i sizmikes me vale te reflektuara, ne 
rajone me relief pergjithesisht te qete dhe me dalje strukturash ne 
siperfaqe, si ne Frakull, Ardenice etj. Nga punimet e para 
eksperimentale, megjithese me metodike fare te thjeshte, me nga nje 
sizmomarres per kanal, u pa se metoda eshte efektive dhe merrej 
material i interpretueshem dhe ne thellesi te pranueshme, 2000-2500 
metra. Bazuar ne keto rezultate, punimet sizmike filluan te zgjerohen, 
duke forcuar edhe bazen materialo-teknike, aparaturat regjistruese, 
sondat e shpimit etj. Keshtu ne vitin 1956 erdhen aparatura te reja 
regjistruese, 60 kanaleshe te tipi SS 30/60 prodhim sovjetik. 

Ne vitet 1957-1958 u eksperimentua edhe metoda e valeve te 
thyera per zgjidhjen e problemeve te vecanta si ndjekja dhe studimi i 
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tavanit te gelqeroreve ne strukturen e Fushe Krujes, ku nga rezultatet 
e marra rezultoi se metoda e valeve te thyera (MVTH) mund te perdoret 
per zgjidhjen e problemeve te vecanta e specifike, por si metode 
kryesore sizmike per studime mbetet metoda e valeve te reflektuara 
(MVR). Raportet gjeologjike per rezultatet e punimeve sizmike, si edhe 
per punimet e tjera, ne ate kohe mbroheshin dhe miratoheshin ne 
bashkimin sovjetik. 

Gjate kesaj kohe erdhen edhe kuadrot e para gjeofizike qe ishin 
pergatitur jashte shtetit, si Inxhinier Teki Bigoku e Hasan Topgiu 
(1952), dhe me pas Novruz Kodheli (1960), Siasi Kogiu (1961) dhe u 
formuan edhe specialiste per kryerjen e punimeve si sondiste, 
minatore etj. Ne vitet 1959-1960 tashme ekspedita sizmike kishte 4 
stacione sizmike, nder te cilet tre stacione 60 kanaleshe dhe nje 
stacion 24 kanalesh. 

Me largimin e specialisteve sovjetike ne vitin 1961, kryerja e 
punimeve sizmike u muar ne dore nga specialistet shqipetare dhe u 
cua me perpara. Krahas specialisteve gjeofizike te pergatitur jashte 
shtetit, ne kryerjen e punimeve u angazhuan edhe speciliste te tjere si 
matematiciene, fizikane, gjeologe, si Nikolin Leka e Engjell Saliu (1960) 
dhe Enriko Veizi e Alfred Frasheri (1961), etj. Po ne vitin 1961 ne 
kuadrin e ristrukturimit te punimeve gjeologjike, ekspedita sizmike u 
bashkua me “Bazen e Karotazhit” (Gjeofizika Kantjerale) qe vepronte 
brenda sistemit te naftes duke formuar Ndermarrjen Gjeofizike brenda 
sistemit te naftes. Punohej thuajse teresisht me metoden e valeve te 
reflektuara. 

Me qenese regjistrimi ishte oshilografik (fotografik) me diapazon 
regjistrimi jo me shume se 40 decibelle dhe perpunimi behej teresisht 
me dore, per sigurimin e cilesise sa me te mire te te dhenave sizmike, 
rendesi shume e madhe i kushtohej zgjedhjes se parametrave fushore 
te ngacmimit dhe pranimit te valeve, duke kryer nje volum te 
konsiderueshem punimesh eksperimentale per zgjedhjen e 
parametrave te punes sipas kushteve konkrete siperfaqesore dhe te 
thellesise te rajoneve te dhena, gje qe kerkonte thellim e studim nga 
ana e specialisteve te sizmikes. 

Me kete teknike e metodike pune u vazhdua deri ne fillimin e 
viteve ‘70 kur u futen ne perdorim stacionet me regjistrim magnetik 
analoge, duke mbuluar me punime sizmike nje pjese te mire te 
rajoneve qe gjykoheshin perspektive per kerkimin e naftes e gazit dhe 
qe ishin te arritshem krahas teknikave dhe teknologjive te kohes. 

Ne vitin 1965 u eksperimentua serish ne Dumre Metoda e Valeve 
te Thyera, me qellim ndjekjen dhe studimin e tavanit te kriprave ne 
diapirin e Dumrese, e cila rezultoi e suksesehme dhe dha ndihmesen e 
saj ne zgjidhjen e disa problemeve gjeologjike te kohes per kete 
strukture. 
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Nevojat per permiresimin e cilesise dhe rritjen e thellesise se 
studimit me sizmike, bene qe ne tematiken e studimeve 

eksperimentale te shtrohen probleme te tilla si rritja e ndieshmerise se 
kanaleve sizmike, lufta kunder valeve te demeshme, rritja e energjise 
se valeve te reflektuara nga thellesia etj. per te cilat u kryen studime 
teorike dhe zbatime praktike ne perdorimin e sistemeve regjistruese 
interferenciale (grupimet e sizmografeve dhe plasjeve, zgjedhja e 
largesise midis kanaleve etj), duke kryer per kete qellim nje sere 
studimesh me vlere. 

Sipas kerkesave te kohes u kalua edhe ne raj one me terren te 
veshtire, kodrinoro - malor, dhe me ndertim gjeologjik me et 
nderlikuar, te cilat shtruan probleme te reja per zgjidhje, si ne 
drejtimin organizativ te punimeve ashtu dhe ne drejtimin teknik te 
tyre, si ne drejtim te domosdoshmerise se llogaritjes dhe futjes se 
korigjimeve per relief ,per zonen e shpejtesive te vogla si edhe probleme 
te paisjes se ekspeditave me mjete terheqese traktore e buldozere, 
shtimin e numrit te sondave te shpimit etj. 

Gjate viteve 1963 dhe 1964 u pergatiten ne Universitetin 
Shteteror te Tiranes 21 kuadrot e para gjeofizike, 7 prej te cileve u 
emeruan dhe punuan ne sizmike, si Ali Mema, Petrit Sadushi, Petref 
Nishani, Mihallaq Malaveci, Tomor Mego, Ahmet Qollaku, etj. 

Ne vitin 1969, me ardhjen e dy ekspeditave sizmike kineze te 
paisura me stacione me regjistrim magnetik analog 25 kanalesh, te 
tipit DZ-663 dhe me paisjet perpunuese analoge te prodhimit kinez, 
filloi etapa e regjistrimit magnetik analog, ku materialet tashme ishin 
te riprodhueshme dhe mund te perpunoheshin me tej ne paisjet 
laboratorike gjithashtu analoge. Kjo krijoi mundesi te reja ne drejtim te 
rritjes se cilesise se materialeve sizmike dhe sidomos te interpretimit te 
materialeve. U bene perpjekjet e para per eksperimentimin e metodes 
se mbulimit shumefish, qe kishte filluar te perdorej ne bote, por shtroi 
edhe kerkesa me te medha ne drejtim te pergatitjes se materialit per 
perpunim, sidomos ne drejtim te korigjimeve statike e dinamike, 
studimin e shpejtesive etj. prandaj dhe ne kete kohe filloi studimi 
sistematik i pjeses se siperme te prerjes gjeologjike, pra studimi i zones 
se shpejtesive te vogla (ZSHV) me metoden e valeve te thyera, qe 
sherbeu per llogaritjen dhe futjen me te sakte te korigjimeve gjate 
perpunimit. Tashme interpretimi i materialeve behej mbi prerjet e 
kohes dhe jo mbi sizmogramat e regjistruara ne fushe. U krijuan 
mundesite e migrimit te prerjeve, mundesi me te medha per analizat 
dhe njohjen e shpejtesive te perhapjes se valeve etj. 

Nderkohe ishin bere edhe disa ndryshime administrative, sizmika 
ne vitin 1969 u be pjese e Institutit te Naftes i cili u transferua nga 
Kucova ne Fier. Ne sizmike kishin ardhur disa kuadro te reja sidomos 
nga degat e matematikes dhe fizikes industriale, te cilet u angazhuan 
seriozisht dhe u ingranuan shpejt e mire ne kryerjen dhe drejtimin e 
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punimeve sizmike. Po keshtu qe nga viti 1973 filluan te vijne edhe 
inxhinieret gjeofizike te pergatitur ne Fakultetin e Gjeologjise dhe te 
Minierave te Universitetit te Tiranes, e cila u hap ne vitin 1968, te cilet 
dhane nje kontribut te gmuar ne zhvillimin e sizmikes. Midis te cileve 
permendim Inxh. Arqile Berberi, Vilson Sillo, Halim Dariu, Spiro 
Haskaj, Simon Davidi, Xhemil Buzi, Caush Xhufi, Luan Kellici, Durim 
Goxhaj, Letter Jani, Spiro Kolonjari, Kristaq Jano, Frederik Qyrana, 
Spartak Nasto, Spiro Bonjaku, Faslli Fejzullahu, Ethem Seitaj, Mira 
Kallajxhi, Jani Skrami, Sofie Zogaj, etj. 

Ne fillimin e viteve ’70 filloi edhe nje fare hapje ne drejtim te 
perendimit me te perparuar, keshtu filloi te zbatohej nje fare levizje e 
specialisteve gjeofizike ne perendim per te pare tekniken e teknologjine 
dhe per marrje pervoje ne kete drejtim, apo edhe dergime specialistesh 
per specializime e kualifikime. Ne haze te literatures dhe te pervojes se 
marre u shtruan kerkesat per regjistrimin shifror te materialeve 
sizmike, fillimisht sidomos per perpunimin shifror te tyre. Ne vitin 
1972 u arrit marreveshja per blerjen e qendres elektronike te 
perpunimit te materialeve sizmike. U derguan ne Gjermanine 
Perendimore 6 specialiste per pervetesimin e venien ne pune te 
paisjeve dhe me filimin e vitit 1973 u vu ne perdorim qendra e 
perpunimit elektronik me kompjuter Raytheon-707, e cila perpunonte 
materialet e regjistruara me stacionet magnetike analoge tashme ne 
perdorim, duke siguruar me pare transformimin e materialit nga 
analog ne shifror nepermjet paisjeve speciale periferike. Po keshtu 
kishte edhe nje paisje tjeter qe siguronte shifrimin (digitalizimin) e 
regjistrimeve oshilografike por me perdorim te kufizuar. Kjo solli qe 
edhe ne metodiken fushore te behen permiresime e ndryshime te 
rendesishme, u fut ne shkalle te gjere metodika e mbulimit shumefish, 
megjithese me shkalle te ulet fishmerie per shkak te numrit te vogel te 
kanaleve ne stacionet regjistruese. 

Te gjitha keto dhe sidomos disa arritje ne zbulimin e shtratimeve 
e vendburimeve te reja te naftes e gazit, si ne Kallm-Verri, Kolonje, 
Vurg, Cakran , Amonice, ku perdorimi i sizmikes nga specialistet 
sizmike si Enriko Veizi, Petref Nishani, Petrit Sadushi, Ali Mema, 
Novruz Kodheli, fizikantet Drini Mezini, Vilson Bare, Vullnet Xhango, 
Andrea Toska, Aleko Stamati etj. kishin kontributin e tyre, bene qe 
edhe detyrat te shtoheshin dhe te rriteshin me tej kerkesat per shtimin 
e kompleksit te metodave gjeofizike ne kerkimet e naftes dhe te 
rriteshin kerkesat ndaj sizmikes si ne drejtim te cilesise ashtu dhe te 
rritjes se metejshme te thellesise se studimit. Prandaj ne mesin e viteve 
’70 ne bashkepunim me Katedren e Gjeofizikes, prane Fakultetit te 
Gjeologjise dhe te Minierave, u shtua kontributi i metodes gravimetrike 
(Ligor Lubinja) dhe u futen disa metodika te elektrometrise ne 
kerkimet e naftes (Alfred Frasheri), filluan perpjekjet e para per 
mundesine e perdorimit te te dhenave gjeofizike per kerkimin e 
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drejtperdrejte te shtratimeve te naftes e gazit, duke futur metoden e 
fushes elektrike natyrore, metoden e gradientit te P.S. (Alfred Frasheri, 
Rushan Ligo, etj. U bene perpjekjet e para per kryerjen e punimeve 
gjeofizike ne det me inisiativen dhe nen drejtimin e Ing. Hasan Topgiut, 
dhe u arrit qe megjithese me nje metodike relativisht te prapambetur , 
te filloje kryerja e punimeve gjeofizike ne det, ndermjet te cilave edhe 
punimet sizmike, duke ngritur per kete qellim edhe strukturat 
administrative perkatese. U organizua ekspedita komplekse 
gjeologjikegjeofizike detare qe kryente punime gjeologjike, gjeofizike 
dhe te shpimit te ceket sidomos per studimin e shelfit detar te 
Adriatikut. Rezultat i punimeve e studimeve te kryera qe projektimi i 
pusit Durresi - 16, i cili arriti te zbuloje shtratimin e gazit nw det nw 
strukturen e Durresit. 

Duke ndjekur arritjet e shkences boterore ne keto fusha si 
nepermjet literatures, ashtu dhe te ndonje pervoje direkte te marre 
nepermjet vajtjes se specilisteve jashte shtetit, u shtruan probleme te 
rendesihme ne drejtim te regjistrimit dhe perpunimit te materialeve 
sizmike. Keshtu u sigurua rritja e kapacitetit perpunues te qendres 
elektronike te perpunimit dhe u shtrua me me force kerkesa per 
sigurimin e aparaturave me regjistrim shifror. Ne fundin e viteve ’70 
dhe fillimin e viteve ’80 u siguruan aparatura me regjistrim shifror 48 
kanaleshe te tipit SN-338 dhe me vone edhe stacione me 96 kanale, 
madje edhe stacion telemetrik. Keto masa dhe kembengulja e 
specialisteve bene qe te punohet mjafte ne drejtim te permiresimit te 
cilesise se materialeve sizmike, duke ndermarre disa dhjetra tema 
studimi e projektimi si ne drejtim te metodikes fushore duke rritur 
shkallen e mbulimit shume fish deri ne 48 here e me teper, te 
perpunimt dhe sidomos te interpretimit te te dhenave, duke futur 
metodika te reja ne terren, hartuar programe te reja perpunimi ne 
perputhje me kushtet konkrete te vendit dhe ne interpretimin e tyre 
duke futur modelimin, llogaritjen e sizmogramave sintetike etj. 

Ne kete kohe u zgjerua edhe bashkepunimi i Katedres se 
Gjeofizikes me institutin e naftes dhe me Ndermarrjen 
Sizmogravimetrike qe tashme ishte ndare si njesi me vehte. Gjate 
viteve ’80 krahas pergatitjes e kualifikimit te disa kuadrove jashte 
shtetit, u organizua kualifikimi i tyre brenda vendit qofte nepermjet 
kurseve ashtu dhe nepermjet kualifikimit pasuniversitar. Ne fushen e 
sizmikes u pergatiten disa disertacione per shkallen e pare te 
kualifikimit, drejtimi shkencor i te cilave u be kryesisht nga pedagoget 
e katedres se gjeofizikes ne te cilat trajtoheshnin probleme te 
metodikes se kryerjes, perpunimit dhe interpretimit te tv dhenave 
sizmike, mbrojten disertacinone ne fushen e sizmikes Teki Bigoku 
(1962), dhe ne vitet tetedhjete Petref Nishani ,Vilson Bare, Vangjel 
Jani, Ali Mema, Qaush Xhufi, Stavro Dhima, Vullnet Xhango, 
Theodhori Kamberi, Vilson Silo etj. 



1570 


Arritjet e shkences ne fushat perkatese, shpreheshin edhe ne 
pasurimin e permiresimin e planeve e programeve mesimore te lendeve 
qe zhvilloheshin ne degen e gjeofizikes, madje ne disa raste duke i 
paraprire venies se tyre ne praktike. Keshtu u futen lendet 
teknika llogaritese (informatika), perpunimi dhe trajtimi i sinjalit, 
programimi ne gjeofizike, elementet e stratigrafise sizmike dhe zbatimi 
i tyre ne praktike. Mbi bazen e futjes ne interpretimet e te dhenave 
sizmike te koncepteve te stratigrafise sizmike dhe te sedimentologjise 
dhe ne perputhje me to edhe te rritjes se kerkesave ndaj perpunimit te 
materialeve sizmike, krahas marrjes se programeve te perpunimt nga 
jashte, ne qendren e perpunimit u hartuan edhe programe speciale te 
perpunimit dhe sidomos ne drejtim te perpunimit me ruajtje 
amplitude, pati edhe arritje ne zgjerimin e disa vendburimeve 
ekzistuese te naftes e gazit dhe ne zbulimin e shtratimeve te reja 
sidomos te gazit si ne Veri te Divjakes, Ballaj- Kryevidh, Povelge, 
Panaja etj. ku interpretimet mbi bazen e koncepteve te stratigrafise 
sizmike te zbatuara nga specialistet Vangjel Jani, Vullnet Xhango etj. 
zune vend te rendesishem dhe dhane edhe rezultatet e priteshme. 

Nga fundi i viteve ’80 katedra e gjeofizikes ne kuadrin e 
projekteve te UNESCO-s u pajis me nje aparature sizmike 12 
kanaleshe e cila u perdor kryesisht ne studimet e ceketa, inxhinierike. 
Ndryshimet demokratike te viteve ’90 sollen ndryshime te rendesishme 
edhe ne sektorin e sizmikes. E drejta e kryerjes se punimeve sizmike 
dhe e kerkimit te naftes e gazit ne det iu dha kompanive te huaja. Me 
ndihmen e tyre pati nje fare permiresimi sidomos te qendres se 
perpunimit te te dhenave, duke zgjeruar kapacitetin e saj nepermjet 
shtimit te paisjeve e sidomos te programeve te perpunimit, ose paisja 
me Land- Marc ne ndihme te interpretimit te te dhenave. Pati nje rritje 
te aktivitetit referues e botues te studimeve te kryera nga specialistet, 
u rrit pjesemarrja ne aktivitetet shkencore kombetare e nderkombetare 
duke u paraqitur me dhjetra referate, kumtesa e postera ne konferenca 
e kongrese nderkombetare te gjeologjise dhe gjeofizikes. 

Me vone, sidomos pas vitit 1997, kur pati edhe nje largim thuajse 
masiv te specialisteve, vellimi i punimeve fushore ra ne zero, duke 
mbetur ne nje vellim te kufizuar perpunimi i materialeve te vjetra ose 
perpunimi paraprak i materialeve te kompanive te huaja, gje tani ka 
rene thuajse ne zero. 

Ne periudhen pas viteve ’90 u bene perpjekje per perdorimin e 
sizmikes ne zgjidhjen e detyrave ne fusha te tjera te gjeologjise si ne 
gjeologjine inxhinierike, ne studimin e monitorimin e veprave ne 
shfrytezim etj. ne kuadrin e disa projekteve si te hartes gjeologo 
inxhinierike te Shqiperise, studimit insitu te veprave, studimit te 
rreshqitjeve etj., por megjithe rezultatet pozitive me interes te 
zgjidhjeve e ndihmeses se dhene prej tyre, mungesa e projekteve te 
metejshme dhe sidomos zbatimi i nje politike jo te mjaftueshme ne 
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qendrimet ndaj vleresimit te ketyre punimeve, bene qe ato te mbeten 
pa e gjetur vendin emerituar ne perputhje me rendesine qe ato duhet 
te kene ne zgjidhjet qe ofrojne per ekonomine. 

Si perfundim historine e zhvillimit te punimeve sizmike mund ta 
ndaj me ne kater etapa kryesore. 

1. Etapa 1952-1970, kur u perdor regjistrimi oshilografik, metodike 
relativisht e thjeshte, me thellesi studimi relativisht te vogel, perpunim 
dhe ndertim me dore i materialeve sizmike. Punimet ne kete periudhe 
u kryen kryesisht ne terrene fushore. 

2. Etapa e dyte 1969- 1978. Regjistrim magnetike analog. Perpunim 
laboratorik i materialit, fillimisht analog, me pas shifror (digital). 
Ndryshime et rendesishme te metodikes fushore, perdorimi i mbulimit 
shumefish, rritje e diapazonit dinamik te regjistrimit. Futja ne terrene 
me ndertim te nderlikuar siperfaqesor dhe ne thellesi. 

3. Etapa e trete 1980 -1990. Regjistrim dhe perpunim shifror i 
materialeve sizmike, rritje e metejshme e diapazonit dinamik te 
rregjistrimit, rritje e cilesise dhe thellesise se studimit, perdorim 
gjeresisht i metodikes se mbulimit shumefish, rritje e fishmerise, 
thellim ne perpunimin e materialeve. 

4. Periudha e viteve ’90 e me pas. Renie gradualisht deri ne zero e 
punimeve per kerkimin e naftes. Renie graduale e vellimit te 
perpunimit te materialeve te vjetra. Interpretime dhe riinterpretime te 
materialeve te vjetra me pak riperpunime te tyre. Kryerje punimeve nga 
kompani te huaja. 

Gjate kesaj periudhe po behen perpjekje per perdorimin e sizmikes ne 
fusha te tjera te gjeologjise, si ne gjeologjine inxhinierike, ndertim etj. 

2. STUDIMET SIZMOLOGJIKE 

Sherbimi sizmologjik shqiptar se bashku me ate game studimesh qe 
perfshin, nuk ishte nje godine e ngritur me kot e pa themel. Ai do te 
sintetizonte pervojen popullore te nje bashkesie njerezish qe e kane 
njohur brez pas brezi termetin, ate menguri te thjeshte qe shprehet 
qofte ne zgjedhjen e trojeve te forte per ndertim ashtu dhe ne 
perfshirjen ne mure te brezave te drunjte. Ai do te ngrihej gjithashtu 
mbi te dhenat e percjella goje me goje apo te shenuara ne dokumente 
te ndryshme nga njerez te thjeshte pasionante apo dijetare te fushave 
te gfardoshme. Shumica e ketyre te dhenave sidomos ato mbi termetet 
e ndodhur ne vendin tone ne lashtesi e ne mesjete, ndodhen ne 
bibliotekat dhe kancelarite e Evropes. Nje pjese e madhe e tyre sot ka 
dale ne drite. Deri ne fillimet e shekullit XX nuk ka studime te vegan ta 
mbi termetet e trojeve shqiptare. Por ne disa nga studimet e kryera 
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prej dijetareve natyraliste te ndryshem. Lidhur me termetet e 
Ballkanit apo Evropes jepen edhe te dhena mbi termetet e forte qe 
kane prekur Vloren, Beratin, Shkodren, Elbasanin etj. ne shekullin 
XIX. 

Nje periudhe e re nisi per shkencen e sizmologjise me fillimin e 
shekullit XX. Kjo qe rezultati i ngritjes ne Evrope te stacioneve te pare 
sizmologjike, gje qe beri te mundur regjistrimin dhe interpretimin e 
ngjarjeve me te rendesishme sizmike te kontintentit dhe botes. Fillimi i 
kesaj periudhe shenon ne fakt lindjen e sizmologjise si shkence me 
vete, ne perberje te shkencave te Tokes, shkence qe studion termetet, 
perhapjen e valeve te tyre dhe pasojhat ne siperfaqe. Qe nga kjo kohe, 
interesimi i dijetareve te huaj per termetet qe preknin token shqiptare 
u rrit edhe me. Kjo shprehet ne studimet e kryera mbi termete te 
vegante te vendit tone si dhe mbi sizmicitetin e Shqiperise ne 
pergjithesi. 

Vemendjen e studiuesve te huaj e terhoqi sidomos termeti i fuqishem i 
1 qershorit 1905 me epiqender prane Shkodres, termet per te cilin jane 
shkruar disa raporte e studime. Eshte interesante te veme ne dukje se 
ne fototeken Marubi ne Shkoder, ekzistojne 40 cope negative 
fotografish qe paraqesin objekte te demtuara nga termeti ne fjale. Keto 
fotografi qe kane per autor fotografin e talentuar shqiptar Kel Marubi, 
e ruajne vleren e tyre njohese e shkencore edhe sot. Te rralla jane ne 
bote deri ne ate kohe raste termetesh te dokumentuar me fotografi si 
termeti i Shkodres i vitit 1905. 

Studime nga shkencetare te huaj jane kryer edhe per termetet e vitit 
1930 qe preken rrethin e Vlores te vitit 1931 te Korces etj. Duhet thene 
se me fillimin e regjistrimeve instrumentale nisi edhe botimi sistematik 
i buletineve sizmologjike si nga observatore te ndryshem te Evropes, 
ashtu edhe nga Qendra Sizmologjike Nderkombetare (International 
Seismological Centet) ne Angli dhe nga Byroja Qendrore 
Nderkombetare e Sizmologjise (BCIS) ne Strasburg te Frances. Ne keto 
buletine perfshihen dhe termetet e rene gjate shekullit te XX-te ne 
vendin tone dhe rreth tij. Te dhena per to gjenden edhe ne kataloget e 
ndryshem te perpiluar nga studiues evropiane ne te cilet perfshihen 
termetet e forte te Evropes apo te te gjithe botes. 

Sidoqofte studimet e ktyera mbi sizmicitetin e Shqiperise deri ne 
perfundimin e Luftes se Dyte Boterore dhe glirimin e vendit jane te 
pakta dhe te kryera nga shkencetare te huaj. Studime pergjithesuese 
kane kryer sizmologet jugosllave J. Mihajllovic (1927) dhe D. 
Mihajllovic (1951), si dhe italiani K. Moreli (1942). J. Mihajllovic dhe K. 
Moreli kane dhene dhe harta te rajonizimit sizmik te territorit te vendit 
tone. Materiali ne te cilin jane bazuar keto harta nuk eshte i 
homogjenizuar ne hapesire dhe kohe, shpesh here ka ekzagjerime e 
pasaktesira. Mjaft termete kufitare jane konsideruar si autoktone dhe 
ne pergjithesi ka mbivleresime te intensiteteve te termeteve. 
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Mbas glirimit te vendit si kudo ne ekonomi, shkence edhe studimit te 
termeteve dhe te sizmicitetit te Shqiperise do t’i dilnin per zot 
specialists shqiptare te cilet gradualisht, por me kurajo e siguri do te 
futeshin ne te panjohurat qe nentoka shqiptare fshihte me termetet. 
Shqiperia e re e drobitur dhe e demtuar nga lufta, por me vullnet e 
pasion kishte plot plane ndertimore. Por gjithgka do te ngrihej mbi nje 
truall qe i njihte dhe i kishte provuar lekundjet nentokesore. Ndaj 
studimet sizmologjike merrnin vlere e rendesi te vegan te. Menjehere 
sapo nisi rindertimi i vendit specialists e Ministrise se Ndertimit dhe 
te ish Institutit te Shkencave u ngarkuar me detyren e studimit mbi 
perpilimin e hartes sizmike te Shqiperise dhe te dispozitave mbi 
ndertimet antisizmike. Ne vitin 1952 specialistet e ngarkuar me kete 
detyre paraqiten harten e pare sizmike te Shqiperise ne shkallen 
1:1.350.000 si dhe dispozitat e para qe do te zbatoheshin ne ndertimet 
sizmike. Studimi dhe dispozitat u miratuan nga Keshilli i Ministrave ne 
dhjetor te po atij viti. Kjo harte sizmike u perpilua duke u bazuar ne te 
dhenat sizmologjika qe jepnin autore te huaj te meparshem si dhe me 
materialin qe u mblodh ne vend per kete qellim nga shtypi i kohes etj. 
Ne te u muar parasysh edhe kualiteti i ndertimeve te vendit tone. 
Ndersa dispozitat e para per ndertimet antisizmike u kryen duke 
patur si baze teorine statike. 

Perpilimi i hartes sizmike te Shqiperise te vitit 1952 ishte nje sukses i 
shkences sone te re te viteve te para te pasglirimit. Kjo harte me pak 
ndryshime mbeti ne fuqi deri ne vitin 1979. Vete procedura e punes 
per perpilimin e saj nxori si domosdoshmeri studimin dhe evidentimin 
e gdo termeti te forte qe do te binte ne territorin e vendit tone. Nisur 
nga kjo Sherbimit Gjeologjik te vendit tone dhe specialisteve te 
Ministrise se Ndertimit iu ngarkua detyra qe te kryenin studime per 
gdo termet demtues te vendit. Veg kesaj Sherbimi Hidrometeorologjik 
mori pergjegjesine e evidentimit te gdo lekundjeje te ndjeshme 
nepermjet vrojtuesve te tij te shperndare ne te gjithe vendin, me anen e 
fleteanketave te posagme te perpiluara nga ky sherbim. 

Termetet e forte te 3 prillit 1958 (Durres), te gusht-shtatorit 1959 
(Lushnje, Berat, Fier), te 26 majit 1960 (Korge) dhe te 18 marsit 1962 
(Fier), u studiuan nga specialistet tane, te cilet kryen vroj timet fushore 
dhe perpiluan raportet perkatese duke dhene nje material 
makrosizmik me interes dhe rekomandime te vlefshme per ndertimet 
antistizmike te vendit. Mjaft studime fushore e raporte jane kryer nga 
specialistet Anesti Lubonja, Eshref Pumo, Ligor Lubonja, Luan Peza, 
Vangjel Melo, Vedat Shehu etj. Ne fushen e ndertimeve antisizmike ne 
vendit tone kontribut te rendesishem dhane Cefo Fico, Vasil Pistoli, 
Ferit Stermasi, Anthim Konomi, Rifat Bodinaku, Spiro Vjero etj. Ishin 
pikerisht studimet dhe rekomandimet perkatese te te gjithe ketyre 
specialisteve ato qe guan ne korigjimet e hartes sizmike te vitit 1952, 
duke perfshire ne zonen 8 balleshe rrethin e Fierit. Gjithashtu u 
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perpiluan dispozitat e reja antisizmike te bazuara tashme ne teorine 
dinamike, dispozita te cilat ishin nje hap i madh perpara ne krahasim 
me te parat. Ato se bashku me ndryshimet e bera ne harten sizmike u 
miratuan nga Keshilli i Ministrave me vendimin nr. 206, dt. 
04.06.1963 - “Mbi aprovimin e rregullores mbi kushtet teknike per 
ndertimet antisizmike dhe ngritjen e sherbimit sizmologjik ne vendin 
tone”. Po me anen e ketij vendimi u vendos ngritja ne Tirane e nje 
stacioni sizmik te tipit te pergjithshem per regjistrimin e termeteve te 
afert e te larget. Kjo do te shenonte dhe ngritjen e Sherbimit 
Sizmologjik shqiptar. Per zbatimin e ketij vendimi Keshilli i Ministrave 
me shkresen nr. 27/161 dt. 10 korrik 1964 ngarkoi Universitetin 
Shteteror te Tiranes, detyre te cilen e mori persiper Fakulteti Gjeologji 
Miniera. Menjehere pas kesaj ne kete fakultet u krijua nje berthame e 
perbere nga Ligor Lubonja dhe Eduard Sulstarova e cila do te ishte 
pergjegjese per organizimin dhe ngritjen e Sherbimit Sizmologjik te 
Shqiperise dhe ne kete kuader edhe Stacionit Sizmologjik te Tiranes. 
Ishte pikerisht kjo berthame qe filloi menjehere nga puna per 
mbledhjen dhe sistemimin e te gjitha studimeve sizmologjike si dhe 
mbledhjen e te dhenave mbi termetet e vendit tone. Nderkaq ishte 
kryer nje punim pergjithesues teper modest mbi termetet e Shqiperise. 
Kjo ishte nje pune diplome e inxhinierit Eduard Sulstarova “Termetet 
e Shqiperise” 1963. Berthama e ngritur prane Fakultetit te Gjeologjise 
e Minierave, botoi ne vitin 1964 studimin “Disa mendime mbi 
sizmicitetin e RP te Shqiperise dhe thellesine e vatrave te disa 
termeteve” (L. Lubonja dhe E. Sulstarova, Buletini i Shkencave te 
Natyres, nr. 3, 1964). 

Ne kete kohe ne vendin tone nuk kishte asnje kuader te sizmologjise te 
pergatitur ne menyre te posagme qe te mund te kryente studime te 
mirefillta e me nivel ne kete fushe. Nuk kishte gjithashtu asnje lloj 
pervoje mbi organizimin, funksionimin e nje stacioni sizmologjik, 
manipulimin e aparaturave te tij, si dhe perpunimin e regjistrimeve 
sizmologjike. Kjo beri te domosdoshme dergimin per specializim te dy 
kuadrove jashte shtetit. Keta dy specialiste (Eduard Sulstarova dhe 
Siasi Kogiaj) pas kthimit nga Instituti Gjeofizik i Akademise se 
Shkencave te RP te Kines, ne mars 1966 filluan punen per zgjedhjen e 
vendit ku do te ngrihej stacioni sizmologjik i Tiranes. Kjo kerkonte nje 
studim te kujdesshem te vendit ku do te nderohej stacioni sizmologjik, 
i cili duhet te ndertohej ne troje te forte si dhe larg zhurmave 
industriale dhe te trafikut . Si vend me i pershtatshem per kete qellim 
u gjet ai ne zbritje te kodrave te Linzes. Ne nje lartesi 196.8 m mbi 
nivelin e detit ne lindje te sinklinalit te Tiranes, mbi formacionet e 
ranoreve te cimentuar te Tortonianit, te cilet dalin ne siperfaqje dhe qe 
kane trashesi disa qindrametra. 

Nderkaq nuk u la menjane puna per mbledhjen dhe sistemimin e gdo 
materiali qe kishte te benta me termetet e vendit tone dhe sizmicitetin 
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e tij. U kryen gjithashtu disa ekspedita fushore ne vitet 1966-1967. 
Seria e termeteve te maj-gushtit 1966 (Ftere-Sarande), termed i 9 
shkurtit 1967 ne Selo (Gjirokaster) dhe termed i fuqishem i 30 nentorit 
1967 (Diber) u studiuan ne te gjitha aspektet e tyre nga Eduard 
Sulstarova dhe Siasi Kogiaj. Keto termete dhane nje material te 
bollshem sizmologjik, i cili do te behej baze e shume studimeve te 
mevonshme. 

Detyra e projektimit te te parit stacion sizmologjik te Shqiperise, 
stacionit sizmologjik te Tiranes, iu ngarkua Fakultetit te Inxhinierise. 
Arkitekti i tij ishte inxh. Vasilika Cicko. Ndertimi i godines se stacionit 
nisi ne fund te vitit 1966 dhe perfundoi ne fillim te vitit 1968; Ne 
stacion u vendos nje komplet sizmografesh i tipit te pergjithshem SSJ- 
1, sizmograf, periudhe-mesem me karakteristika frekuenciale sip 
paraqiten ne fig. 1. Montimi i tij kerkoi nje pune te kujdesshme dhe 
mjaft te sakte gjate gjysmes se pare te vitit 1968. Aparatura u vendos 
mbi nje postamend betoni sipas te gjitha kushteve qe kerkoheshin me 
piken me koordinata 41° 20.8’ V e 19° 52’ L dhe lartesi 196.8 m mbi 
nivelin e detit, te cilat do te ishin ketej e tutje edhe koordinatat e te 
parit stacion sizmologjik te vendit tone. 

Stacioni sizmologjik i Tiranes nisi regjistrimin e tij te vazhdueshem per 
te mos u nderprere me kurre me 1 korrik 1968 date qe me te drejte 
shenon edhe ngritjen e Sherbimit Sizmologjik shqiptar. Pas kesaj date 
studimeve tona sizmologjike u vihej ne dispozicion nje mjet i fuqishem 
dhe i domosdoshem ato dhjetra qindra, mijra e dhjetramijra 
sizmograma qe do te vinin duke u rritur vazhdimisht e qe do te 
permbanin brenda tyre informacionin e vlefshem te regjistrimit te 
termeteve tane. Tani mund te gjykohej me kompetence si per 
vendndodhjen ashtu dhe per magnituden e termeteve te ndjeshem ne 
vendin tone. 

Duhet theksuar se ngritja montimi dhe venia ne pune e stacionit 
sizmologjik te Tiranes ishte rezultat i kembenguljes dhe pasionit te 
punonjesve te pare te tij si dhe e gjithe atyre qe ndihmuan ne te. Ai u 
ngrit, u montua dhe u pervetesua krejtesisht prej specialisteve tane. 

Per historine e regjistrimeve sizmologjike ne Shqiperi do te mbetet e 
shenuar data 25 korrik 1968 kur ne oren 22 05 (GMT) ne Stacionin 
Sizmologjik te Tiranes u regjistrua i pari termet me epiqender ne 
vendin tone. Ky termet u lokalizua ne koordinatat 41.1 V dhe 20.2 L, 
kishte magnitude M=4.5 shkalla e Rihterit dhe intensitet 6 balle MSK- 
1964. Ai u ndje fort ne zonen e Shpatit, Elbasan. Ndersa me 1 gusht 
1968, ne oren 20 19 (GMT), u regjistrua nje termet i fuqishem me 
epiqender 16°. 4 V, 122°. 2 L, prane Maniles (Filipine), me magnitude 
M=7.5. Ky ishte i pari termet i larget qe u interpretua me saktesi nga 
specialists tane. 

Fillimi i regjistrimit sistematik instrumental te ngjarjeve sizmike ishte 
e natyrshme qe do te shenonte hop cilesor ne studimet sizmologjike te 
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vendit tone. Puna e nisur qe nga viti 1963 per mbledhjen dhe 
perpunimin e te dhenave sizmologjike shkoi shume perpara. U 
shfrytezuan arkivat e vendit, shtypi i kohes, kronikat e ndryshme, 
literatura perkatese sizmologjike ku gjendeshin te dhena edhe mbi 
termetet e Shqiperise, deshmite gojore te mbledhura gjate ekspeditave 
fushore etj. Ne fund te vitit 1972 u mblodhen ne Observatorin 
Sizmologjik te Shkupit te gjitha regjistrimet e rrjetit sizmologjik 
jugosllav qe kishin te benin me termetet e territorit tone, kurse ne 
fillim te vitit 1973 nje pune e tille lidhur me regjistrimet e rrjetit 
sizmologjik evropian dhe ate boteror u krye ne arkivin sizmolgojik te 
Byrose Qendrore Nderkombetare te Sizmologjise ne Strasburg te 
Frances. 

Me materialet e grumbulluara qofte nga arkivat qofte nga ekspeditat ne 
terren, u be e mundur qe te krijohet nje perfytyrim me i drejte mbi 
termetet e ndodhur ne te kaluaren ne vendin tone, u rivleresuan 
intensitetet dhe epiqendrat e tyre shpesh here te pasakta, duke 
rindertuar nje tablo me reale te sizmicitetit te Shqiperise deri ne ate 
kohe. 

Stacioni Sizmologjik i Tiranes ishte nga viti 1968 deri ne fund te vitit 
1972, ne varesi te Katedres se Gjeofizikes te Fakultetit Gjeologji- 
Miniera, kateder qe drejtohej nga Doc. Ligor Lubonja. Gjate kesaj 
periudhe ky stacion perbehej nga 8 kuadro, nga te cilet 3 te larta, 
bashkepunetoret shkencore Eduard Sulstarova, Siasi Kogiaj, Shyryqi 
Aliaj (Shyqyri Aliaj ishte emeruar si bashkepunetor shkencor ne 
Stacionin Sizmologjik te Tiranes ne vitin 1969, per studimet 
sizmotektonike) dhe 4 te mesem laborantet Nazmi Hida, Kristaq 
Qollaku, Haki Elbasani e Bardhyl Tepelena dhe nje roje Seit Bastari. 

Ne vitet 1968-1972 u kryen mjaft ekspedita fushore duke e shkelur 
thuajse gjithe vendin. Keto ekspedita u kryen si per mbledhjen e 
materialit makrosizmik te termeteve te forte te ndodhur me pare dhe 
per te verifikuar te dhenat qe disponoheshin, ashtu dhe per studimin e 
kushteve gjeologjike te lindjes se termeteve ne vendin tone. 

Nga ana tjeter, duke njohur rendesine e madhe te shkembimit te te 
dhenave sizmologjike me stacionet dhe institucionet e huaja 
sizmologjike, me qellim te perpunimit dhe saktesimit te metejshem te 
parametrave te vatrave te termeteve qe ndodhin tek ne qe ne gusht 
1968, me anen e nje letre, iu be e njohur ngritja e Stacionit Sizmologjik 
te Tiranes mjaft institucioneve te huaja si dhe Byrose Qendrore 
Nderkombetare te Sizmologjise (BCIS, nga viti 1976 Qendra 
Sizmologjike e Evropes Mesdhetare) ne Strasburg, France dhe Qendres 
Nderkombetare te Sizmologjise ne Angli. Nga keto institucione kerkohej 
shkembimi i buletineve sizmologjike dhe i studimeve. 

Ne shtator 1968 filloi ne Stacionin Sizmologjik te Tiranes perpilimi i 
raporteve paraprake javore te leximit te sizmogramave te perftuara. 
Keto te dhena dergoheshin kryesisht ne Strasburg. Kjo Qender 
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nderkombetare pasi grumbullon te dhenat e te gjithe rrjetit sizmologjik 
evropian jep me anen e buletimeve te vegante parametrat e termeteve 
si dhe referon agjensite e marra ne konsiderate per percaktimet e 
kryera. Duhet permendur se ishte kenaqesi te shihje ne percaktimet qe 
dergonte BCIS mes dhjetra stacionesh sizmologjike edhe stacionin tone 
te ri. Emertimi TIR i ketij stacioni e me pas Qender Sizmologjike do te 
zinte vend me dinjitet ne keto raportime si dhe ne mjaft te tjera 
buletine e referenca nderkombetare. Kjo gje e forcoi edhe me besimin e 
kolektivit te vogel e te ri te stacionit tone te pare sizmologjik. 

Po kete vit filloi perpilimi dhe botimi i buletineve sizmologjike 
paraprake mujore, si dhe nje botim periodik ne dy gjuhe, shqip e 
anglisht. I pari buletin i ketij lloji eshte ai i shtatorit 1968. 

Eshte merite e punonjesve te pare shkencore te ketij institucioni te ri 
qe e orientuan punen jo thjesht ne anen rutinore por doradores e bene 
Stacionin Sizmologjik te Tiranes nje institucion kompetent per gjithgka 
kishte te bente me sizmologjine e Shqiperise. Gjate kesaj periudhe u 
hartuan mjaft relacione, raporte e studime si per termete te vegante 
ashtu dhe per sizmicitetin e Shqiperise ne pergjithesi. Ne keto te fundit 
mund te permenden studimet sinteze: 

Harta e rajonizimit sizmik te Shqiperise ne shkallen 1 : 2 500.000 

(Sulstarova, E., Kogiaj, S., Aliaj, Sh.), e cila u dergua edhe per 
perpilimin e hartes sizmike te Evropes, 

Harta sizmike e Shqiperise ne shkallen 1 : 1 250.000 (Sulstarova, E., 
Kogiaj, S., Aliaj, Sh., 1972) e cila sherben per marrjen e masave 
antisizmike per ndertimet e veprave me te rendesishme qe u ndertuan 
ne periudhen 1972-1979 (kryesisht hidrocentrale dhe veprat me te 
rendesishme industriale), 

Harta sizmotektonike e Shqiperise ne shkallen 1 : 1 00 000 (Aliaj, Sh., 
Kogiaj, S., Sulstarova, E., 1973). 

Ne studimet e mesiperme u paraqiten perfytyrimet me te reja, deri ne 
ate kohe, mbi sizmicitetin e Shqiperise duke nxjerre ne pah edhe mjaft 
karakteristika te aktivitetit sizmik si dhe duke evidentuar kriteret me 
te rendesishme gjeologjike te rrezikut sizmik. Keto studime hodhen 
drite edhe mbi mjaft elemente te ndertimit gjeologjik te vendit tone dhe 
u bene baza e mjaft studimeve te tjera me te hollesishme e komplekse 
qe i pasuan. 

Me pas me dekretin 4993 dt. 10.10.1972 u krijua Akademia e 
Shkencave e Shqiperise, si institucioni me i larte shkencor i vendit. 
Mbi bazen e Stacionit Sizmologjik te Tiranes te Fakultetit Gjeologji - 
Miniera ne perberjen e Akademise se Shkencave si institucion 
kerkimor shkencor me vete u ngrit Qendra Sizmologjike. Asaj iu vu 
detyre te organizonte e te kryente studime mbi sizmicitetin e 
Shqiperise ne te gjitha aspektet me qellim sqarimin e natyres se 
termeteve, te zbulojne ku kane lindur e ku mund te lindin ata ne te 
ardhmen, te percaktojne fuqine e tyre dhe te bejne rajonizimin e 
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mikrorajonizimin sizmik, te japin kritere tekniko-ekonomike per 
projektimet antisizmike etj. Detyre kryesore qe u vu menjehere me 
ngritjen e saj ishte realizimi i studimeve komplekse per rajonizimin 
sizmik te vendit ne shkallen 1 : 500 000. 

Ne vitin 1979 u realizua studimi me i rendesishem ne fushen e 
sizmologjise te viteve 70-te “Rajonizimi Sizmik i RPS te Shqiperise “ 
(shqip , anglisht) se bashku me Harten Sizmike ne shkallen 1:500.000 
(autore: E.Sulstarova, S.Kociu dhe Sh.Aliaj), i cili deri sot sherben si 
kusht normativ per te gjitha ndertimet antizimike qe behen ne vendin 
tone si dhe eshte baze per te gjitha studimet inxhinero-sizmologjike 
per mikrozonimin simik te qendrave te banuara si dhe studimit te 
shesheve ku ndertohen vepra te rendesishme. Ky studim e thelloj 
njohjen mbi sizmicitetin e vendit tone dhe tregoi se Shqiperia hyn ne 
vendet me aktivitet me te theksuar ne Evrope. 

Ne fushen e sizmicitetit te Shqiperise ne teresi dhe te zonave te 
vecanta, ne ate sizmotektonike dhe te neotektonikes jane realizuar, 
gjate kesaj peridhe, shume studime sinteze me shume rendesi; 
gjithashtu jane realizuar studimene fushen e mekanizmit te vatrave 
dhe lidhur me te te fushes se sforcimeve tektonike, te sizmicitetit te 
induktuar nga ngritja e rezervuareve te H/C te medhenj mbi lumin 
Drin, disa kataloge termetesh me i rendesishmi e me i ploti“ Katalogu 
i Termeteve te Shqiperise - 1975 -autore: E.Sulstarova, S.Kociu, i cili 
permban te dhena te perpunuara per termetet nga shekulli i III -para 
eres se re deri ne vitin 1970 se bashku me shume harta izosejstesh; 
jane botuar ne shtypin shkencor vendas dhe te huaj per termete te 
vecante shume studime e artikuj shkencore. 

Ne fushen e sizmologjise inxhinerike, me specializimin e kuadrit 
shkencor jashte vendit ne periudhen 1977-1978 filluan studimet 
komplekse inxhinero-sizmologjike dhe gjeologo-inxhinerike per 
mikrozonimin sizmik te qendrave te banuara. U realizuan deri ne vitin 
1991 studime komplekse inxhinero sizmologjike dhe inxhinero- 
gjeologjike per mikrozonimin sizmik ne shkallen 1:10.000 te qyteteve: 
Vlore, Durres, Shkoder, Tirane, Pogradec, Korce dhe Fier. Pas viteve 
1990 u realizuan studime te kesaj natyre edhe per hapesiren Tirane - 
Durres dhe studime me te detajuara ne pjese qendrore te Durresit, per 
zbulimin e shtreses arkeologjike. Keto studime u realizuan ne 
bashkepunim te ngushte me Fakultetin e Gjeologjise dhe Minierave, 
dhe me ish ndermarrjet Gjeologji-Gjeodezi, Hidrogjeollogji ne Tirane 
dhe ndermarrjet Gjeofizike ne Patos dhe ate Gjeofizike Komplekse per 
kerkimin e naftes e gazit ne Fier. 

Ne vitn 1982 u ngrit ne Qendren Sizmologjike edhe sektori i 
inxhinerise se termeteve, i cili u ngarkua me studimin e sjelljes se 
strukturave dhe te objekteve te ndryshem ndertimore ndaj veprimit 
dinamik te termeteve, adaptimit te kritereve tekniko-ekonomike per 
projektimin antisizmik si dhe hartimin e metodikave te llogaritjes ne 
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sizmicitet te strukturave te tipeve te ndryshem dhe bashke me to dhe 
me hartimin e kushteve te reja teknike te projektimit ne zonat sizmike. 
Nen udheheqjen e ketij sektori dhe ne bashkepunimim me pedagoge 
te Unuveritetit te Tiranes dhe specialiste te institucioneve studimore 
dhe projektuese te ish Ministrise se Ndertimit u realizua hartimi i “ 
Kushteve teknike te projektimit ne zonat sizmike KTP-N.2-89, i cili pas 
rreth dy vjet eksperimentimi dhe vleresimi hyri ne fuqi ne vitin 1991 
dhe sherben deri sot, se bashku me Harten e Zonimit sizmik ne 
shkallwen 1:500.000, si kusht normativ i domosdoshem per projektim 
dhe ndertim ne zonat sizmike. Ne fushen e inxhinerise se termeteve u 
realizuan shume studime e raporte teknike per sjelljen e objekekteve 
gjate veprimit te termeteve si dhe u bene mjaft eksperimenete per 
studimin e sjelljes se objekteve dhe strukturave nga vibrimet natyrore 
duke perdorur teknika bashkohore te studimit te vibrimeve- tipin 
VSS-1. 

Sikunder theksuam me siper Stacioni i pare Sizmologjik i Shqiperise u 
ngrit ne vitin 1968; ai u pajis vetem me nje sizmograf periudhe mesem 
i tipit SSJ- prodhim i Jenes ne Gjermani. Ne vitin 1973 Stacioni i 
Tiranes u kompletua edhe me nje sizmograf periudhe shkurter tipi 
DDJ-1, prodhim i Akademise se Shkencave te Kines, ndersa ne vitin 
1975 ai u pajis edhe me dy sizmografe te tjere- njeri tre 
komponentesh, periudhe shkurter, tip SS-1 dhe tjetri periudhe gjate i 
tipit Spregnether LP-S-5100 ( H+V), si dhe nje akselerograf tipi SMA-1; 
te gjitha prodhime te Shteteve te Bashkuara te Amerikes . Ne vitin 
1987 u instalua edhe nje sizmoskop tipi VM-2. Kompletimi i Stacionit 
Sizmologjik te Tiranes edhe me aparaturat e me siperme e ktheu ate ne 
nje stacion sizmologjik te klasit te pare, i afte per te regjistrar gjithe 
diapazonin e termeteve te afert e te larget, dhe per rrjedhoje ai sherben 
edhe sot si Stacion Sizmologjik Qendror per Shqiperine, ku sherbimi 
realizohet per 24 ore. Nga viti 1987 Stacioni Qendror Sizmologjik i 
Tiranes u konsiderua si njesi me vehte brenda rrjetit sizmologjik. 

Per te rritur aftesine detektuese ndaj termeteve dhe saktesine e 
percaktimit te parametrave te tyre ne vitin 1975 filloj te ngrihet Rrjeti 
Sizmologjik i Shqiperise , i cili ne fund te vitit 1986 numeronte 13 
stacione te gjithe te pajisur me nga nje komplet simografesh peridhe 
shkurte trekomponentesh tipi DDJ-1, me nga nje akselerograf te tipit 
SMA-1 dhe nje sizmoskop tipi WM-2. 

Rrjeti sizmologjik i Shqiperise perbehet nga keto 13 stacione (Tirane, 
Shkoder, Vlore, Bajram Curri, Puke, Korge, Peshkopi, Sarande, Kukes, 
Berati, Tepelene, leskovik dhe Lag. 

Stacionet e rretheve u vendosen ne godina te reja te ngitura 
posacerisht ne te cilat ne katin e pare ishin vendosur aparaturat 
regjistruese; ne nje ambient te vecante, ne bodrume ose tunele te 
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aferta, sizmografet , ndersa ne katin e dyte familja e personit qe 
punonte ne stacionet e rretheve. 

Rrjeti Sizmologjik i Shqiperise eshte ne gjendje te detektoje e te 
regjistroje me saktesi te kenaqeshme te gjitha ngjarjet sizmike qe 
ndodhin ne vendin tone dhe rreth nesh me magnitude M >=2,5 skalla 
e Rihterit. Niveli i detektimit ne stacione te vecante eshte mjaft i larte; 
cdo stacion eshte ne gjendje te detektoje termete me magnitude rreth 
zeros te shkalles Rihter. 

Rrjeti sizmologjik i Shqiperise eshte perfshire ne rrjetin boteror te 
Sizmologjise dhe te dhenat tona raportohen ne Buletinet e Qendrave 
Nderkombetare ne Strasburg ( France), nga Qendra Nderkombetare 
Sizmologjike ne Angli, ISC, nga Agjensite e SHBA. NEIS etj. Ky rrjet 
detekton gjithe termete e globit me magnitude mbi 4 shkalla Rihter. 
Pervec Rretit Sizmologjik te Shqiperise, nga viti 1985 filloi te ngrihet 
dhe Rrjeti i Regjistrimit te Lekundjeve te Forta- rrjeti akselerografik e 
sizmoskopik, i cili numeronte29 pika vrojtimi te pajisura me 
akselerograve te tipit SMA-1 me regjistrim analog ne film, dhe me nga 
nje sizmoskop. Me keto aparatuar u pajisen , sic permendem me lart, 
stacionet sizmologjike dhe u instrumentuan te gjitha digat e H/C mbi 
lumin Drin si dhe ato te lumit Mat si dhe disa godina te larta- 
kryesisht Hotele ne: Tirane, Elbasan, Shkoder, Durres, Elbasan, Berat, 
Pogradec, Korce dhe Sarande ( kryesisht hotele turistike). 

Per perpunimin dhe analizen e regjistrimeve te lekundjeve te forta 
Qendra u pajis ne vitin 1986 me sistemin e analizes te tipit SORD me 
nje tavoline digitalizuese dhe te gjitha akasesoret e tjere si dhe me 
softin perkates. 

Ne vitin 1986 Qendra u pajis edhe me disa teknika te tjera te kohes te 
cilatsherbejne per studimet fushore ne sizmologjine inxhinerike dhe 
ate te inxhinerise se termeteve si me sistemin per matjen e vibrimeve 
te ambjentit tipi VSS-1 qe sherben per troje ne studimet e 
mikrozonimit dhe per objektet ne fushen e inxhinerise se termeteve; u 
pajisem gjithashtu edhe me nje stcion 6 kanalesh tipi OYO per 
matjenee shpejtesisese se valeve gjatesosre dhe terthore ne siperfaqe 
dhe ne puse me metoden cross hole dhe down hole. 

Sic permendem edhe me lart qe nga shtator te vitit 1968 filloi perpilimi 
dhe botimi i raporteve javore, mandej dhjete ditore, mujore dhe vjetore 
ne te cilat permbahen te dhenat e regjistrive te rrjetit sizmologjik te 
Shqiperise te perpunuara. Buletine e te gjithe llojeve jane botuar e 
botohen ne dy gjuhe- shqip dhe anglisht. Theksojme se Buletinet 
Sizmologjike Vjetore, qe filluan te botohen nga viti 1976 permbajne te 
dhena plotesisht te perpunuara instrumentale dhe makrosizmike te 
termeteve qe jane regjistruar nga rrjeti i yne. Buletinet vjetore 
perbeheshin nga tre pjese: pjesa e pare permbante regjistrime dhe 
perpunime te termeteve te vendit tone dhe rreth nesh, pjesa e dyte te 
dhena per termetet e larget te regjistruar, ndersa e tretakatalogun 
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vjetor te termeteve te Shqiperise se bashku me hartat perkatese te 
izosej steve dhe harten e epiqendrave. Buletinet vjetore jane botuar 
vazhdimisht qe permbajne te dhena nga viti 1969. 


3. RILEVIMET GRAVIMETRIKE 

Rilevimet e para gravimetrike i perkasin atyre te viteve 1931- 
1942, te kryera nga gjeofizikanet italiane ne Kugove dhe Selenice per 
kerkimin e naftes dhe te seres. 

Rilevimet ne shkalle te gjere ne Ultesiren Prandariatike, ne 
shkallen 1:100.000 filluan te kryhen nga viti 1950, per kerkimet e 
naftes e te gazit, te drejtuara nga gjeofizikantja ruse Jurkova L.A. Ne 
vitin 1961, rilevimet gravimetrike te shkalleve 1:50.000 u drejtuan nga 
Hasan Topgiu, ndersa pas mesit te vitit 1963 nga Salo Arapi. Ekipi i 
gravimetrise i Ndermarrjes Sizmo-Gravoimetrike, Fier, nga viti ne vit 
kryen rilevimin ne shkalle te medha 1: 50.000 dhe 1:25.000 ne te 
gjithe territorin perspektive per nafte e gaz ne zonen Jonike, Kruja, 
Kraste-Cukali dhe ne Ultesiren Prandadriatike (Salo Arapi, Vladimir 
Veizaj, Themistokli Pulia, Pellum Karcanaj , Pellumb Pollozhani, Vojo 
Dishnica). Gjate viteve 1963-1967, ky ekip, se bashku edhe me Ligor 
Lubonjen kryen disa profile rikonjicionale ne Kukes, ne korridorin 
flishor te Okshtunit, si edhe per kerkimin e kromit ne masivin 
ultrabazik te Kukesit. Krahas rilevimeve ne shkallen 1:50.000 dhe 
1:25.000, ekipi i gravimetrise i industrise se naftes perpiloi edhe 
harten gravimetrike ne shkallen 1:100.000 te zonave perspektive per 
kerkimin e naftes dhe te gazit, ne zonen tektonike Jonike dhe Ultesiren 
Pranadriatike. Me punen e tyre studimore, ai ekip e renditi 
gravimetrine nder metodat gjeofizike te rendesishme ne kompleksin 
gjeologo-gjeofizik per kerkimin e naftes dhe te gazit. Me pergjithesimin 
e vet, Salo Arapi mbrojti me sukses edhe tezen e Kandidatit te 
Shkencave. Kete pune kerkimore shkencore e vazhdoi me tej Vladimir 
Veizaj, veganerisht ne fushen e perpunimit dhe interpretimit te 
informacionit gjeofizik me kompjuter, i cili gjithshtu pergatiti dhe 
mbrojti me sukses disertacionin e Kadidatit te Shkencave ne vitet 
nentedhjete, me studimin pergjithesues te shperndarjes se fushes se 
forcave te rendeses ne Albanidet. 

Perdorimi i gravimetrise per kerkimin e vendburimeve te 
mineraleve te ngurta filloi ne vitin 1958 me rilevimet per kerkimin e 
kromit ne masivin ultrabazik te Tropojes dhe ate te Bulqizes, te 
drejtuara nga gravimetristi rus Mihaillovskij J.A. Ai arriti ne perfundim 
negativ mbi mundesine e perdorimit te gravimetrikse per kerkimin e 
kromit dhe i ndVrpreu punimet. Ne vitin 1959, ekipi i gravimetrise i 
Ndermarrjes Gjeologo-Topografike te Tiranes, nen drejtimin e 
Mihaillovskij t, kreu me sukses rilevimin gravimetrik ne shkallen 
1:10.000 ne zonen Pobreg-Gjegjan-Morine, Kukes. 
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Eksperimentet per kerkimine kromit rifilluan ne vitin 1963, nga 
Ligor Lubonja ne rajonin e Kukesit. 

Ne vitin 1967 u botua artikulli i pare mbi interpretimin e 
profileve rikonjicionale gravimetrike-magnetometrike ne Albanidet, qe 
demonstroi mundesite dhe aftesite e ketyrte punimeve per njohjen e 
Albanideve (Ligor Lubonja, Alfred Frasheri, Anesti Qirinxhi). 

Kerkimet gravimetrike muaren nje hop cilesor me futjen e 
metodave mathematikore me anen e kompjuterave per perpunimin dhe 
interpretimin e te dhenave gravimetrike te matura ne terren. Ky hop 
lidhet me inisiativen dhe punen e nje ekipi te perbashket te Katedres 
se Gjeofizikes dhe te Qendres se Mathematikes Llogaritese te 
Akademise se Shkencave, duke filluar nga viti 1973, te drejtuar nga 
Ligor Lubonja, me pjesemarrjen e Gudar Beqiraj dhe Ylli Veisiu. 

Perpjekjet per zbatimin e metodave gjeofizke per kerkimet e 
vendburimeve te kromit, duke eksperimentuar metodat gravimetrike, 
magnetometrike dhe ate te polarizimit te provokuar, nga viti 1961 e 
deri ne fillimin e viteve shtatedhjete dhe per me tej, muarren bazen 
shkencore me disertacionin e Kandidatit te Shkencave, nga Alfred 
Frasheri, ne vitin 1973, ku u analizuan ligjesite e vetive fizike te 
kromshpinelideve dhe shkembinjve ultrabazike, si edhe anomalite 
gjeofizike te pritshme. 

Kerkimet gravimetrike te vendburimeve te mineraleve te ngurte 
dhe studimeve krahinore sistematike filluan ne Nderarrjen Gjeofizike 
te Tiranes me krijimin dhe drejtimin e ekipit te gravimetrise nga 
Salvatore Bushati, qe nga viti 1973. Per nje periudhe mbi 30 vjet, ekipi 
i gravimetrise se Qendres Gjeofizike te Tiranes, ku benin pjese 
Salvatore Bushati, Pellumb Karganaj, Vojo Dishnica, Shpresa Dema u 
punua ne disa drejtime: 

• Zgjerimi i fushes se perdorimit te rilevimeve gravimetrike, si edhe 
te menyrave te rilevimit siperfaqesor dhe nentokesor. 

• Kryerja e Rilevimeve sheshore krahinore gravimetrike. 

• Ndertimi i rrjetit mbeshtetes gravimetrik te Shqiperise dhe lidhja 
e tij me ate nderkombetar. 

• Hartimin e algoritmave dhe kompilimin e programeve standard 
per perpunimin dhe interpretimin e te dhenave gravimetrike, ne 
bashkepunim edhe me informaticienet e Institutit te informatikes 
Gudar Beqiraj etj . 

Studimi madhor gravimetrik eshte Harta e Anomalive Bouguer e 
Fushes se Gravitacionit e Shqiperise ne shkallen 1:200.000, e cila 
perben nje kontribut te gmuar edhe ne nivel Europian. 

Ne vitin 1988 Salvatore Bushati paraqiti dhe mbrojti me sukses 
disertacionin “Studimi krahinor i shperndarjes se fushes se 
gravitacionit ne Albanidet e Brendshme, ne ndihmw te rajonizimit 
tektonik dhe metalogjenik”. 
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4. RILEVIMEET MAGNETOMETRIKE 

Rilevimet e para magnetometrike jane ato te viteve 1931-1942 te 
kryera nga gijeofizikanet Italiane ne Kugove dhe ne Selecine per 
kerkimin e naftes dhe te seres. 

Ne vitin 1957, gjeofizikani gjerman F. Fischer kreu rilevimin 
magnetometrik ne vendburmin e kromit ne Kam Tropoje dhe 
argumentoi karakterin e nderlikuar te shperndarkes se fushes 
magnetike ne masivet ultrabazike dhe tregoi per anomalite magnetike 
mbi trupat e kromshpinelideve. 

Ne vitet 1959-1960, rilevimi magnetometrik u perfshi ne 
kerkimet e vendburimeve te bakrit, me rilevimin en shkallen 1:10.000 
ne zonen Rubikut, Kurbnesh-Mashterkore dhe Pobreg-Gjegjan-Morine, 
te kryera nga magnetometristi rus Boronajev. Ne vitin 1960, profile 
magnetometrike te detajuar u kryen per kerkimin e linzave te 
shkriferimeve qe permbanin magnetit ne zonen e Rushkull-Hamalles 
ne veri te Durresit dhe ne Pojan te Fierit (Ligor Lubonja, Alfred 
Frasheri). Ne vitin 1961 u krye rilevimi ne shkallen 1:10.000 ne 
rajonin Qafe Bari -Tug Verior dhe ne zonen Derven-Ulze (Alfred 
Frasheri, Zoto Rjepaj). 

Eksperimentet per rikerkimin magnetometrik te kromiteve 
rifilluan ne vitin 1962 ne Vlahne te Hasit dhe ne Tplane te Tropojes 
(Ligor Lubonja, Alfred Frasheri) 

Punimet magnetometrike, qe nga viti 1963 deri ne vitet 
shtatedhjete u drejtuan nga Zoto Rjepaj dhe fusha e vepritarise se tyre 
ishte kerkimi i kromit ne masivin ultrabazik te Kukesit dhe te 
Bulqizes. U kryen me sukses punime per kerkimin e asbestit ne Puke 
ne mesin e viteve gjashtedhjete (Alfred Frasheri, Zoto Rjepaj). Ne vitin 
1968 u eksperimentua me sukses mikro rilevimi magnetometrik ne 
ndihme te rilevimit gjeologo-strukturor te masiveve ofiolitike, ne 
Ragam dhe Gzhime te masivit te Tropojes, etj. (A. Frasheri, Z. Rjepaj). 
Ne vitin 1973 ekipi magnetometrik i Ndermarrjes Gjeofizike te Tiranes 
u zgjerua dhe ne te u perfshi edhe Petrika Kosho. Gjate viteve 
gjashtedhjete-tetedhjete, ekipi punoi me sukses ne disa drejtime: 

• Zgjerimi i fushes se perdorimit te rilevimeve magetometrike per 
kerkimin e vedburimeve te mineraleve te dobishme te ngurta si 
bakri, kromi, hekur - nikeli, boksidet, asbesti, shkriferimet i 
mineraleve te rende te rralle e te cmuar, etj. 

• Realizimi i progresit ne teknologjine e matjeve, duke kaluar nga 
magnetometrat prizmatike qe matnin komponentet vertikale dhe 
horizontale te intensitetit te fushes magnetike te Tokes, ne 
perdorimin e magnetometrave protonike, per matjen e vektorit te 
plote T te intensitetit te fushes magnetike te Tokes. 

• Studimi i vetive magnetike te mineraleve dhe shkembinjve. 

Ne vitet tetedhjete, magnetometria u perfshi ne kryerjen e 
eksperimenteve te sukseseshme komplekse elektrometrike 
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magnetometrike-radiometrike - gjeokimike per kerkimin e 
drejtpersedrejti te shtatimeve te naftes e te gazit ne Ballsh (Alfred 
Frasheri, Petrika Kosho). 

Fusha e veprimtarise se magnetometrise ne vitet nentedhjete u 
zgjerua dhe e ngrit ne nje nivel me te larte, drejtuar nga Salvatore 
Bushati: 

• Kiyerja e rilevimeve krahinore ne shkallen 1:200.000 ne te gjithe 
territorin shqiptar (Salvatore Bushati). Ky drejtim u kurorezua 
me ndertimin e Hartes Magnetike te Shqiperise ne shkallen 
1:200.000. Per realizimin e saj eshte zhvilluar nje veprimtari 
kerkimore shkencore intensive dhe e gjere, qe prekte si 
perpunimin e te dhenave fushore, ndarjen e anomalive te rendeve 
te ndryshme, si edhe interpretative gjeologo-gjeofizike. 

• Kryerja e studimeve paleomagnetike ne te gjithe territorin 
shqiptar, sipas projekteve bilaterale Shqiperi-Austri, Shqiperi- 
France, Shqiperi-Greqi (Salvatore Bushati (1992-1995), Alfred 
Frasheri (1993-1995), Perparim Alikaj (1989). 

• Zgjerimi i fushes se perdorimit te magnetometrise. 

5. KERKIMET ELEKTROMETRIKE 

Vrojtimet e para elektrometrike jane sondimet elektrike te cekta 
te kryera me skemen Shlymberzhe, me skema me gjatesi (AB) deri 820 
m, per kerkimin e naftes ne Kugove dhe te bitumit ne Selenice. Keto 
punime jane kryer nga gjeofiziket italiane te Kompanise A.I.P.A. me 
drejtues projektesh A. Belluigi, A. Baglio, and Eng. C. Sq., (A.I.P.A. 
1934, Bigoku T. 1964, 2004). 

Zbatimi i sondimeve elektrike te thella per kerkimine naftes filloi 
ne vitin 1950, nga ekipi qe drejtohej nga gjeofiziku rus Baranov I. A., 
ku punonin edhe gjeofiziket shqiptare Teki Bigoku dhe Hasan Topgiu. 
Qe nga fundi i veteve pesedhjete, kerkimet elektrometrike jane zgjeruar 
shume, duke u orientuar ne disa drejtime: 

5.1. Kerkimi i mineraleve te dobishme te ngurta. 

Punimet gjeoelektrike per kerkimin e vendburimeve te mineraleve 
te dobishme te ngurta filluan ne vitin 1953, me profilimet elektrike te 
rezistences se dukshme per kerkimin e bakrit ne zonen e Dervenit, te 
drejtuara nga gjeofizikantja ruse Marogkina Z.P., edhe me 
pjesemarrjen e gjeologut shqiptar Skender Dede. Ne vitin 1958 
kerkimet elektrometrike te bakrit u plotesuan edhe me metoden e 
potencialit te fushes elektrike natyrore. Ne periudhen 1958-1960 
vrojtimet me metoden e rezistences dhe te fushes elektrike natyrore 
mbuluan disa zona perspektive bakerbartese ne Mirdite e Mat, si ne 
Rubikun Verior-Munaze, Lekunde, Spag, Kurbnesh, Lis, si edhe ne 
Gjegjan te Kukesit nen drejtimin e gjeofizikut rus V.M. Pogrebinskiy, 
ku punuan edhe Ligor Lubonja dhe Alfred Frasheri (Pogrebinskiy, 
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1959). Poligoni i Gjegjanit u vendos mbi bazen e te dhenave te 
njoftimeve nga populli ne vitin 1959. Mbi bazen e interpretimit te 
anomalise se fushes elektrike natyrore dhe te profllimeve elektrike te 
kombinuara, u projektuan dy puset e pare, nje nga te cilet zbuloi 
vendburimin e madh te bakrit ne Gjegjan ne vitin 1960. Mbi bazen e 
interpretimit te anomalive te fushes elektrike natyrore te rilevuara ne 
vitin 1961 nga A. Frasheri, u zbulua vendburimi bakerbartes i Tugit 
(fillimisht nga Tugi lindor) . 

Tipar karakteristik kerkues kryesor i kesaj periudhe te viteve 
pesedhjete-gjashtedhjete ka qene kerkimi i vendburimeve sulfure te 
nbakrit te mbuluara nga mbulesa e shfrifet kuaternare. Kesisoj, 
thellesia e kerkimit ishte vetem dhjetrat e para te metrave, rralle me 
thelle. 

Ne ate periudhe perdorej edhe metoda e trupit te ngarkuar per te 
percaktuar drejtimin e shtrirjes dhe te renies se trupave xeherore te 
kapur nga shpimet ose galerite e kanalet siperfaqesore dhe per te 
ndihmuar ne pershpejtimin e procesit te kerkim-zbulimit, si ne 
Kurbnesh, ne Spag, ne Derven etj. 

Vitet 1960-1964 ishin edhe periudha e kerkimeve gjeofizike 
komplekse te shkriferimeve te mineraleve te rende e te gmuar, midis te 
cilave nje vend te rendesishem zinin profilimet dhe sondimet elektrike 
te rezistences elektrike specifike te dukshme ne zonen e litoralit te a 
Adriatikut nga Lezha ne Vlore dhe ne shtratin e shume lumenjve si 
Fan, Mat etj. (Ligor Lubona dhe Alfred Frasheri). 

Ne vitin 1958 u eksperimentua per here te pare metoda e 
polarizimit te provokuar duke kryer matje eksperimentale. Kjo metode 
ne ato vite ishin ne faze ekeperimentale edhe ne vendet e perparuara. 
Keto eksperimente u kryen ne Rubik, duke perdorur aparaturen 
potenciometrike per matjen e diferencave te potenccialeve elektrike. 
Meqe kjo aparature nuk siguronte saktesine e kerkuar te matjeve te 
diferencave kalimtare te potencialeve te polarizimit te provokuar, 
eksperimentet e vitit 1959 nuk dhane rezultatet e pritshme. 
Pogrebinskiy S.A i vazhdoi eksperimentet ne zonen e Gjegjanit ne vitin 
1960, duke perdorur regjistrimin oshilografik te stacionit te 
elektrometrise, te porsa erdhur ne Shqiperi. Rezultatet ishin pozitive 
dhe shume inkurajuese. Keto rezultate krijuan mundesine qe ne vitet 
1962-1963, Ligor Lubonja dhe Alfred Frasheri te vazhdonin 
perpunimin e metodes se re duke kryer matje per kerkimin e kromit ne 
vendburimin e Kam Tropojes, te Vlahnes dhe ne zonen bakerbartese te 
Vau Spasit. 

Perpjekjet per te perdorur kete metode te re, qe premtonte 
mundesi zgjidhese me te medha sesa metoda e fushes elektrike 
natyrore, qendronin ne kerkesen per: 



1586 


Selektimin e anomalive te potrencialit te fushes elektrike 
natyrore te cilat kishin natyre xeherore nga ato fushes elektrike 
natyrore qe perftoheshin mbi tektonika sterile, 

Per te rritur thellesine e kerkimit dhe 

Per te kerkuar edhe zonat e mineralizuara, krahas trupave 
xeherore sulfure te bakrit masiv. 

Regjistrimit oshilografik te potencialeve te PP ishte me rendiment 
shume te vogel, prandaj metoda perdorej vetem si detajuese, per 
vrojtimin ne qendren e anomalive te metodes se fushes elektrike 
natyrore ose te profilimeve te kombinuara. Mbi bazen e nje skeme nga 
literature, Alfred Frasheri (1963) modifikoi kompensatorin elektronik 
me gjilpere per te vrojuar potencialin e polarizimit te provokuar, gka 
rriti rendimentin ne pune, por perseri metoda nuk doli nga karakteri 
detalizues. Per te krijuar mundesi te zbatimit te kesaj metode te re, 
shume efektive, Ligor Lubonja edhe Alfred Frasheri, ne vitin 1965, 
botuan nje nder te paret liber per PP, jo vetem ne kuadrin e vendit 
tone: “Metoda e potencialeve te polarizimit te provokuar per kerkimin e 
xeheroreve dhe studimin e prerjeve te puseve”. Ne kete periudhe 
vazhdoi perseri eksperimentimi qe argumentoi se metoda e polarizimit 
te provokuar ishte e afte te kerkonte kromitet mbi bazen e anomalive 
qe lidhen me pranine e magnetitit dytesor dhe te sulfideve disperse ne 
masen xeherore ne vendburimin e Cerrujes (Ligor Lubonja, Alfred 
Frasheri). Bazen e mundesise se perdorimit te metodave klomplekse 
gjeofizike gravimetrike, magnetometrike dhe te polarizimit te provokuar 
e hodhi i pari disertacion ne fushen e gjeofizikes xeherore "Vetite fizike 
te kromshpineliteve dhe te shkembinjve ultrabazike te masivit te 
Tropojes, lidhur me anomalite e pritshme gjeofizike" (Alfred Frasheri, 
1974). 

Rritja e aftesive rilevuese te elektrometrise per kerkimin e 
xeheroreve, ndodhi me krijimin e ndermarrjes Gjeofizike ne vitin 1971. 
Ekspedita Gjeofizike e Ndrermarrjes Gjeologji-Gjeodezi e Tiranes, u 
riorganizua dhe shnderrua ne Ndermarrjen Gjeofizike te Tiranes, per ta 
ngritur gjeofiziken e kerkimit te mineraleve te dobishme te ngurta ne 
nivelin e kerkesave te kohes. Ne ate kohe, perpara gjeofizikes xeherore 
vihej detyra e kerkimit te trupave xeherore, si edhe i zonave te 
mineralizuara ne thellesi me te medha sesa ne vitet gjashtedhjete dhe 
te rritej efektiviteti i rilevimeve elektrometrike ne verifikimin e 
anomalive. Me krijimin e ndermarrjes gjeofizike dhe me ardhjen e nje 
ekspedite komplekse kineze me aparaturat gjeofizike perkatese, 
metoda e polarizimit te provokuar mori zhvillim te madh ne kerkimin e 
mineralizimit sulfur te bakrit. Ne kete periudhe, nga viti ne vit, Radium 
Avxhiu dhe Esat Daja dhane nje kontribut shume te gmuar per tu 
pergjigjur sa me mire kerkesave per shtimin e vellimit te punes me 
metoden e polarizimit te provokuar dhe per ta kthyer ate ne metode 
rilevuese. 
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Me futjen ne zbatim te gjere te kesaj metode te re e te fuqishme 
per kerkimikn e bakrit, metoda klasike e fushes elektrine natyrore 
kaloi ne plan te dyte, dhe mbeti metode detalizuese te anomalive. Me 
kete, u be nje hop teknologjik i madh perpara, qe shpejt dha frytet e 
veta ne kontributin e elektrometrise per kerkimin e vendburimeve te 
bakrit. Keto realizime u bene te mundura edhe me plotesimin e 
personelit inxhinjer, sepse kjo periudhe perkon edhe diplomimin e 
kuadrove te brezit te dyte ne vitin 1973. pas rihapjes se deges se 
gjeofizikes ne Fakultetin e Gjeologjise dhe te Minierave ne vitin 1968. 
Krijimi i grupeve komplekse me specialiste elektrometriste, 
magnetometriste, gravimetriste, gjeologe e gjeokimiste realizoi nje 
perparim te dukshem te teknologjise se kerkimeve gjeofizike 
komplekse, e cila beri te mundur kerkimin efektiv te mineraleve 
sulfure te bakrit ne te gjithe brezat produktive te zones tektonike 
Mirdita. Niveli i aparatures ne vitet shtatedhjete lejonte nje thellesi 
kerkimi me metodat e PP dhe Rezistences ne nivelin 100-200m. 
Ekspedita e bakrit e drejtuar nga Radium Avxhiu, ne perberje te se 
ciles benin pjese elektrometristet me eksperience Esat Daja, Mihallaq 
Malaveci dhe brezi i ri, Llesh Prenga, Perparim Alikaj, Spartak Kasapi, 
Thimi Nathanaili, Astrit Krifca, Idriz Jata, Pellumb Haxhiu, Ludvig 
Kapllani, Fatmir Duli, Nustret Kastrati, Nexhip Maska, Ivoni Qani, 
Sadete Mata, Teuta Rapo, Aferdita Kullaj, Natasha Koco, etj., arriti nje 
efektivitet mjaft te mire kerkimi, jo vetem ne mineralet e bakrit por 
edhe te polimetaleve, te mineraleve te gmuar, te boksideve, etj. 

Ne kete periudhe, elektrometria ka kontribuar mjaft ne zbulimin 
apo shtimin e rezervave te vendburimeve te bakrit ne Qafe Bari, 
Kaginar, Paluce, Lak Roshi, Golaj-Nikoliq, Perlat, Karme-Palaj, Rehove, 
etj. 

Ne vitet shtatedhjete, Ligor Lubonja, Alfred Frasheri, Mihallaq 
Malaveci dhe Thimi Nathanaili kryen kerkime te boksideve me anen e 
sondimeve te PP dhe te rezistences se dukshme me skemen e 
Shlumberzhe dhe te gradientit te mesem, ne vendburimet e boksideve 
ne vargun Kruje-Dajt, ne Alpe, ne rrethin e Librazhdit, etj. 

Ne vitin 1981, me ardhjen e aparaturave te reja te 
PP/ Rezistences ne fushe kohe dhe frekuence nga Kanadaja filloi nje 
periudhe e re e zbatimit te metodave elektrometrike ne ndermarrjen 
gjeofizike (Perparim Alikaj). Stacioni i fuqishem elektrometrik, i perbere 
nga dhenesi IPC-7/15 kW dhe marresi shifror IPR-10 u fut ne shkalle 
te gjere ne kerkimin e mineralizimit sulfur te bakrit dhe ne problemet e 
gjeologjise regjionale ne thellesi te medha, mbi 700m. Objekte te punes 
kane qene rajonet Gjegjan-Morine (Kukes), Perlat- Prosek dhe Rubik 
(Mirdite) dhe Rehove-Vithkuq (Korge). Efektiviteti i punimeve me kete 
stacion ka qene mjaft i mire, me rezultate konkrete ne shtimin e 
rezervave te bakrit ne rajonet e Perlatit dhe te Rehoves dhe per 
vertetimin e strukturave gjeologjike, ne thellesi te medha ne rajonin e 
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Gjegjanit. Ne vitin 1987 erdhi edhe nje stacion i dyte elektrometrik i 
fuqishem (GEVI 6 kW) nga Qekosllovakia, i cili u fut gjithashtu ne 
kerkimin e mineralizimit sulfur te bakrit dhe ne problemet e gjeologjise 
regjionale ne thellesi te medha (Sami Nenaj). 

Ne vitin 1978 Perparim Alikaj eksperimentoi, fillimisht ne 
modelime 2D e me vone ne vrojtime eksperimentale ne terren, nje 
metodike te re vrojtimi e paraqitjeje elektrometrike te quajtur “Prerje 
Reale” e PP/Rezistences. Thelbi metodes qendronte ne perputhjen sa 
me te sakte te perhapjes se parametrave gjeoelektrike (PP e rezistence) 
me trupat xeherore sulfure te vertetuar me shpime e punime 
netokesore. Shpejt metoda tregoi efektivitet te larte ne kerkimin e 
mineralizimeve sulfure deri ne thellesi 700m (Gjegjan, Perlat, Rehove). 
Ne vitin 1991 metoda u eksperimentua nga P. Alikaj ne Kanada, ku 
zuri nje vend te rendesishem ne kompleksin e metodave gjeofizike te 
kerkimit te mineraleve sulfure dhe arit. Qe nga viti 1995 metoda u 
perhap me shpejtesi ne mbi 30 vende te ndryshme ne te gjithe 
kontinentet. Kontributet me te rendesishme te “Prerjes Reale” i 
perkasin vendburimit gjigand polimetalor te San Nicolas ne Meksike, 
brezave ar-mbajtes prane Timminsit ne Ontarion Verio re, 

vendburimeve te arit ne British Columbia, Yelloeknife, Quebec 
(Kanada), vendburimeve te arit e bakrit ne Kili, Argjentine, Brazil, 
Mongoli, etj. Metoda eshte patentuar nga kompania kanadeze Quantec 
Geoscience ne Kanada. 

Ne vitin 1985, me ardhjen e aparatures elektrometrike IPR-11 
nga Kanadaja, filloi eksperimentimi i metodes bashkekohore te PP 
Spektrale per dikriminimin e tekstures se mineralizimeve sulfure 
(Peparim Alikaj, Nehat Likaj). Eksperimentet perfshine jo vetem matjet 
laboratorike por edhe ato ne terren. Eksperimentime te ngjashme u 
kryen ne kete kohe edhe nga Idriz Jata me aparaturen hungareze 
Diapir. 

Krahas mineraleve te sulfureve te bakrit, eksperimente 
elektrometrike me metodat e rezistences dhe PP jane vazhduan ne vitet 
shtatedhjete nga ndermarrja gjeofizike edhe ne kerkimin e kromit 
(Llambi Langora, Fatmir Duli, Llesh Prenga etj.). Ne vitet 1981-1991 
metodat elektrometrike zune vendin e duhur te perhershem ne 
kompleksin e metodave gjeofizike ne kerkimin e kromit ne vendin tone, 
megjithese efektiviteti i gjeofizikes per kerkimin e kromiteve, sig eshte e 
mirenjohur, eshte me i ulet sesa per kerkimin e sulfideve te bakrit. 

Ne vitin 1972 u krijua ekspedita e ektrometrise me rryme 
alternative, e drejtuar nga Robert Ballta, e cila perfshinte metoden 
elektromagnetike te kendit te inklinimit (Piro Leka), metoden e 
radiovaleve (Elsa Malo, Kristaq Naska, Dhimiter Gjovreku, Fatmira 
Gjocaj, etj.), e me vone metoden EM te TURAM-TURAM (1981) 
(Dhimiter Gjovreku). Detyra e kesaj ekspedite ka qene kerkimi i 
mineralizimeve sulfure masive ne siperfaqe e mjediset nentokesore 
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(galeri e shpime). Kesaj ekspedite iu bashkangjit ne vitin 1978 edhe 
metoda e magnetometrise vektoriale nentokesore, e cila u perdor per 
kerkimin e trupave qorre te bakrit e kromit, te shoqeruar me minerale 
magnetike. Efektiviteti i metodave te radiovaleve dhe magnetometrise 
vektoriale ka qene mjaft i mire, duke kontribuar ne shtimin e rezervave 
te mineral eve te bakrit e kromit ne shume miniera te vendit tone. 

Rezultatet shume te mira te kerkimeve elektrometrike te 
vendburimeve te bakrit sherbyen si materiali kryesor baze te hartimin 
e disertacioneve te kandidadit dhe te doktorit te shkencave nga disa 
specialists gjeofixike te Ndermarjes Gjeofizike te Tiranes, duke filluar 
me Radium Avxhiun (1979 kandidat i shkencave dhe 1990 doktor i 
shkencave), Nehat Likaj, Perparim Alikaj (1989), Dhimiter Gjovreku 
dhe Piro Leka. Keto disertacione sherbyen me se miri per perparimin e 
metejshem dhe rritjen e efektivitetit te kerkimeve elektrometrike te 
mineraleve te dobishme te ngurta, ne rradhe te pare te sulfureve te 
bakrit. 

Vitet tetedhjete ishte periudha e studimeve intensive dhe e 
eksperimenteve per rritjen e thellesise se kerkimeve gjeofizike deri ne 
800- 1000m, duke hapur rrugen e perdorimit te vrojtimeve 
gjeoelektrike nentokesore ne shpime (Ligor Lubonja, Alfred Frasheri, 
Radium Avxhiu, Perparim Alikaj, Neki Frasheri, 1984-1987). 

Perparime me spekter te gjere u arriten bazuar ne perpunimin 
dhe interpretimin te informacionit elektrometrik me anen e 
kompjuterit. Ne vitin 1974, me nismen e Ligor Lubonjes, filloi hartimi i 
programeve te para per perpunimin dhe interpretimin e te dhenave te 
vrojtimeve elektrometrike (Alfred Frasheri, Gudar Beqiraj, Neki 
Frasheri, Ylli Vejsiu, Dhimiter Tole, Radium Avxhiu, Nehat Likaj, Ivoni 
Qani, me pas edhe Fatbardha Vingani). U hartuan algoritmat dhe u 
kompiluan 70 programe standard per perpunimin dhe interpretimin e 
te dhenave elektrometrike. Ne vitet nentedhjete u realizua paketa e 
programeve per modelimet mathematikore dhe inversionit te 
informacionit te polarizimit te provokuar (Alfred Frasheri, Neki 
Frasheri). 

Vlen te permendet ketu krijimi i nje berthame te fuqishme 
elektronistesh, te drejtuar nga Engjell Qiraku dhe te perbere nga 
Xhaferr Hakani, Hajri Shehu, Shpetim Najdeni, Qirjako Qirjaqi, e 
Bashkim Besho, te cilet jo vetem kane perballuar riparimin e shpejte 
dhe cilesor te aparaturave gjeofizike, por shpesh kane bere edhe 
modifikime me vlere apo edhe kane prodhuar aparatura te reja. 

5 . 2 . Ne kerkimin e naftes dhe te gazit 

Pas sondimeve elektrike vertikale te cekta gjate viteve tridhjete 
dhe sondimeve te thella ne fillimin e viteve pesedhjete, ne vitin 1978 
rifilloi kryerja e sondimeve elektrike te thella ne kerkimin e naftes e te 
gazit (Alfred Frasheri, Lefter Jani, Kozma Ciruna). Nga viti 1978 deri ne 
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fillimin e viteve nentedhjete u kryen sondime elektrike te thella, me 
(AB)max~ 1 2 km, me thellesi studimi rreth 2.5 km dhe thellesi ndikimi 
deri 4500m, si pjese e kompleksit gjeologo-gjeofizik per kerkimin e 
naftes dhe te gazit, ne tre drejtime: 

• Per te identifikuar tavanin e strukturave gelqerore, ne rajonin e 
Vurgut, te Vlores dhe Kugoves. 

• Per te vleresuar ranoritetin e prerjeve neogjenike ne shelfin 
Shqiptar te Adriatikut dhe ne Vlore. 

• Per te trasuar kontaktin e diapirit te Dumrese ne thellesi. 

Ne vitet 1978-1982 u eksperimentua me sukses ne vendburimet e 
naftes e gazit ne Ballsh-Cakran, rilevimi i fushes elektrike natyrore, si 
pjese e kompleksit gjeofizik-gjeokimik elektrometri-magnetoimetri- 
radiometri dhe rilevim gazor per kerkimin direkt te shtratimeve te 
naftes dhe te gazit (Frasheri A., Krifsa A., Kosho P). 

5.3. Elektrometria detare per studimin e shelf it shqiptar te 
Adriatikut. 

Viti 1975 hapi nje epoke te re per zbatimin e metodes se 
rezistences duke kryer ciklin e pare te profilimeve elektrike detare ne 
shelfin Shqiptar te Adriatikut, te kryera nga Alfred Frasheri, Radium 
Avxhiu, Perparim Alikaj, Spartak Kasapi. Bazuar mbi keto 
eksperimente, ne fundin e viteve shtatedhjete u ngrit ekspedita detare 
elektrometrike (Alfred Frasheri, Vasillaq Leci). Ne vitin 1982 u kryen 
sondimi i pare elektrik detar me skemen Schlumberger me gjatesi deri 
AB/2= 8 km, ne det me thellesi uji deri 50 m. Matjet u kryen me anen 
e stacionit te elektrometrise detare i projektuar dhe ndertuar me fuqi 
250 kW nga Alfred Frasheri, Reis Qani, Ymer Luga, Franci Malo dhe 
Burhan Canga. Vrotimet elektrometrike detare u kryen sistematikisht, 
nga Gjiu i Vlores deri Gjiun e Drinit, me anen e sondimeve elektrike te 
thella, me (AB) m ax=16 km dhe me profilime me skema te ekranizuara 
dhe diferneciale, per studimin e shelfit detar te Adriatikut, duke arritur 
thellesi studimi deri 2500 m dhe thellesi ndikimi deri 3500m (1984- 
1989) (Alfred Frasheri, Vasillaq Leci, Kozma Ciruna), duke dhene 
kontributin e vet edhe ne zbulimin e shtatimit te gazit ne det ne 
strukturen e Durresit. 

5.4. Elektrometria inxhinjerike dhe e mjedisit 

Punimet e para te gjeofizikes inxhinjerike jane sondimet elektrike 
te kryera ne sheshin ku u ndertua uzina e plehrave azotike ne Fier 
(Zoto Rjepaj), sondimet dhe profilimet elektrike per studimin e 
bregdetit dhe te shtrateve te lumenjve (Ligor Lubonja, Alfred Frasheri) 
ne fillimin e viteve gjashtedhjete. Pas tyre vijne sondimet elektrike dhe 
profilet sizmike ne aksin e diges se hidrocentralit ne Vaun e Dejes ne 
fillimin e viteve shtatedhjete (Sillo Mugko), trasene e hekurudhes Milot- 
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Burrel dhe superstrades Fushe Kruje - Milot (Ludvig Kapllani). Ne 
gjysmen e pare te viteve tetedhjete u kryen sondime dhe profilime 
elektrike, ne kuadrin e studimeve komplekse gjeologo-gjeofiziko 
inxhinjerike, krahas edhe rilevimeve gravimetrike, sizmike etj. per 
rindertimin e rezervuareve ne zonat karstike ne shume rrethe te 
vendit, ne te cilet filtornte uji nga zonat karstike ne kupat e tyre (1981- 
1985) (Alfred Frasheri, Ludvig Kapllani, Salvator Bushati). 

Sondimet elektrike vertikale te rezistences elektrike specifike te 
dukshme shoqeruan ne vitet tetedhjete edhe mikrozonimin sizmologjik 
te qyteteve kryesore te Shqiperise, ne kompleks edhe me vrroj timet 
sizmike inxhinjerike te frekuences se larte (Siasi Kogiu, Ludvig 
Kapllani) . 

Dhjetevjegari i fundit eshte edhe periudha kur gjeofizika 
inxhinjerike po njeh zhvillimin me te madh edhe ne Shqiperi. Ekipet e 
Gjeofizikes se Sherbimit Gjeologjik Shqiptar, te Institutit te 
Sizmologjise, te Fakultetit te Gjeologjise dhe te Minierave, OJQ si edhe 
ekipe private, po zhvillojne me sukses degen e gjeofizikes inxhinjerike 
dhe te mjedisit. Midis komplesit gjeofizik, rezistenca elektrike specifike 
eshte nje nga parametrat kryesore te kontrolleve: 

Ne vitet nentedhjete, Seksioni i Gjeofizikes se Fakultetit te 
Gjeologjise dhe te Minierave ne Universitetin Politeknik te Tiranes, 
perpunuan metodat e tomografise sizmike dhe te elektrometrise 
inxhinjerike sipas rezistences elektrike specifike te dukshme per 
studimin i edhe kontrollin in-situ te gjendjes teknike te digave, te 
vleresimit te qendrueshmerise se shpateve dhe studimin e rreshqitjeve, 
si edhe kontrollin e ndertimeve te ndryshme (Alfred Frasheri, Pertef 
Nishani, Ludvig Kapllani, Burhan Qanga). Kontribut i rendesishem i 
vrojtimeve sizmike me frekuence te larte dhe i sondimeve elektrike 
eshte dhene edhe per perpilimin e Hartes Gjeolog- Inxhinjerike te 
Shqiperise ne Shkalles 1;200.000 gjate viteve nentedhjete (Pertef 
Nishani Ludvig kapllani, Burhan Qanga). 

Vazhdon studimi i rreshqitjeve dhe vleresimi i stabilitetit te 
shpateve me anen e sondimeve elektrike (Piro Leka), studimi i 
lumenjve dhe i bregdetit ne stere (Idriz Jata, Piro Leka, Vladimir 
Kavaja, etj). 

Midis ketyre punimeve permendim hapjen e fushave te reja te 
gjeofizikes inxhinjerike dhe mjedisore, sig eshte studimi i vend- 
depozitimeve te mbeturinave te rrezikshme (2005) (Perparim Alikaj). 
Fusha e zbatimeve te gjeofizikes eshte zgjeruar edhe per studimin e 
problemeve te impaktit mjedisor ne gjeomjedis dhe ne sistemet ujore te 
Shqiperise, sig jane ato ne bregdetin e Adriatikut dhe ne liqenin e 
Prespes, te Ohrit e te Shkodres, te ndryshimeve te klimes sipas te 
dhenave gjeotermale (2000-2005) (Alfred Frasheri). 



1592 


5 . 5 . Elektrometria ne hidrogjeologji 

Sondimet elektrike dhe karotazhi elektrik jane perdorur 
gjeresisht edhe ne kerkimet e ujit, nga Pellumb Haxhiaj, Nexhip 
Maskaj and Gene Kallfa, ne fillimet e viteve tetedhjete. Aktualisht, me 
keto metoda po punojne per Perparim Alikaj, Radium Avxhiu, Llesh 
Lleshi, Idriz Jata, Piro Leka, kerkimet hidrogjeologjike ne basenet e 
tipeve ujembajtes te ndryshem, perfshire edhe ujerat termale 
Mamurras, dhe ne Llixha te Elbasanit. Ne zbatim te projektit bilateral 
shqiptaro-grek u zbatua tomografia elektrike e rezistences se 
dukshme, ne komplkes me magnetometri dhe VLF ne burimet e 
ujVrave termale ne Sarandopouros (Salvatore Bushati, Sami Nenaj, 
Hamza Regi, Gene Hoti) ne vitet 2004-2005. 

5 . 6 . Elektrometria ne kerkimet arkeologjike 

Profilimet dhe sondimet elektrike te para per kerkimet 
arkeologjike jane kryer ne qendren an tike te Marge lligit ne fillimin e 
viteve shtatedhjete (Alfred Frasheri, Radium Avxhiu). Ne periudhen e 
fundit njezetvjegare, keto punime i ka vazhduar me sukses te madh 
Vladimir Kavaja, Igli Nakugi, Fatbardha Vingni, ne qendrat e medha 
arkeologjike te Apolonise dhe te Butrintit. Ne zbatim te projektit 
bilateral shqiptaro-grek uzbatua tomografia elektrike ne kompleks me 
magnetometrike ne trasene e Via Egnatia (Salvatore Bushati, Sami 
Nenaj, Hamza Regi, Gene Hoti dhe arkeolog Ilir Gjipali) ne vitet 2004- 
2005. 

5 . 7 . Elektrometria ne hartografimet gjeologjike dhe ne studimet 
gjeologjikekrahinore. 

Profilimet elektrike, si edhe sondimet elektrike te rezistences se 
dukshme me skema te gjata dhe thellesi studimi nga 1000-3000 m 
jane kryer ne disa rajone te vendit, me probleme gjeologjike: 

• Rilevimet ne shkallen 1:10.000 me profilime elektrike simetrike 
nw rajonet Pobreg Morine (1960-1961) (S.A. Pogrebinksiy S. dhe 
Alfred Frasheri) 

• Rilevimet ne shkallen 1:10.000 me profilime elektrike simetrike 
nw rajonet Qafw Bari-Tugi verior (1961) (Alfred Frasheri) 

Ne gropen neogjenike te Korges, krahas edhe vrojtimeve sizmike (1962) 
(Alfred Frasheri). 

Ne gropen neogjenike te Burrelit krahas edhe vrojtimeve sizmike ne 
gjysmen e dyte te viteve tetedhjete (Lefter Jani). 

Ne Gjegjan te Kukesit ne gjysmen e dyte te viteve tetedhjete (Perparim 
Alikaj). 

* 

** 

Ne perfundim te kesaj analize per zbatimet e metodave 
elektrometrike konstatohet: 
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1. Vrojtimet elektrometrike jane perdorur me sukses te madh kryesisht 
per kerkimin e vendburimeve te mineraleve te dobishme te ngurta, ne 
rradhe te pare te mineraleve te bakrit, dhe kane qene metoda baze te 
kompleksin kerkues gjeofizik. 

2. Per kerkimin e bakrit jane perdorur me sukses te gjitha metodat e 
kohes per elektrometrine e rrymave te vazhduara dhe disa nga ato te 
rrymave alternative, si metodat: e polarizimit te provokuar, te fushes 
elektrike natyrore, te profilimeve dhe sondimeve elektrike te 
rezistences se dukshme, te trupit te ngarkuar, te elektro korrelacionit, 
te profilimeve induktive me rezistence te ulet dhe TURAM-TURAM, te 
VLF dhe te radiovaleve. 

3. Kerkimi i vendburimit te bakrit ne periudhen 1953-1990 kaloi ne tre 
faza: 

Ne vitet gjashtedhjete elektrometria zgjidhte kryesisht detyren e 
kerkimit te trupave sulfure te bakrit nen mbulesen e shkrifet 
kuaternare, me thellesi kerkimi dhjetra metra. Metoda kryesore 
rilevuese ishte ajo e potencialit te fushes elektrike natyore dhe e 
profilimeve te kombinuara te rezistences se dukshme. Elektrometria 
kontribuoj ne zbulimin e vendburimit te Gjegjanit, te Tugit, dhe ne 
zgjerimin e vendburimit te Dervenit, etj. 

Ne vitet shtatedhjete-tetedhjete u kerkuan vendburimet e 
sulfureve te bakrit te trupave me teksture massive dhe me mineralizim 
te shperndare ne thellesi qindrat e para te metrave. Metoda kryesore 
rilevuese u be ajo e polarizimit te provokuar. Kontributi i 
elektrometrise ne kete periudhe ishte shume me i larte, duke drejtuar 
zbulimin e vendburimeve Qafe Bari, Kaginar, Paluce, Lak Roshi, Golaj- 
Nikoliq, Perlat, Karme-Palaj, Rehove, etj. 

Ne gjysmen e periudhes te dyte te viteve tetedhjete u rrit thellesia 
e kerkimit deri 700-800 m, nepermjet perdorimit te stacioneve 
elektrometrike te fuqise se madhe, kombinuar me metodikat e 
perparuara te vrojtimit, nepermjet vrojtimeve me thellesi te ndryshme 
kerkimi midis te cilave te prerjes reale, si edhe te vrojtimeve 
nentokesore ne shpime e galeri. 

4. Gjate periudhes 1950-1990, sondime elektrike te rezistences se 
dukshme jane perdorur ne vellim te vogel per kerkimet e naftes dhe te 
gazit ne stere dhe ne shelfin detar te Adriatikut, per kerkimin e 
shkriferimeve te mineraleve te rende, te rralle dhe te gmuar per 
zgjidhjen e detyrave inxhinjerike, te boksideve ne ndihme te 
hartografimit gjeologjik dhe te studimeve krahinore, te kerkimeve 
hidrogjeologjike dhe atyre arkeologjike. 
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5. Pesembedhjete vjetet e fundit, studimet dhe kerkimet elektrometrike 
me metodat konvencionale te rrymes se vazhduar, kryesisht me 
metoden e profilimeve dhe te sondimeve elektrike po orientohen 
gjithenje e me shume per zgjidhjen e detyrave te gjeologjise 
inxhinjerike, te kerkimeve hidrogjeologjike dhe te gjeoteknikes, si edhe 
mjedisore. 

6. Pas vitit 1991, Ndermarrja Gjeofizike e Tiranes ka pesuar ndryshime 
rrenjesore, duke u shkurtuar mbi 20 here ne personel dhe duke e 
orientuar zbatimin vellimeve te vogla te profilimeve dhe sondimeve 
elektrike te rezistences kryesisht ne problemet e gjeologjise mjedisore, 
hidrogjeologjise, burimeve gjeotermale, gjeologjise inxhinjerike dhe 
arkeologjise (Radium Avxhiu, Llesh Prenga, Sami Nenaj, Piro Leka, 
Idriz Jata, Vladimir Kavaja, Spartak Kasapi, Hamza Reci, etj.). 

6. KERKIMET DHE STUDIMET RADIOMETRIKE NE SHQIPERI. 

Matjet e para radioaktivitetit natyror te mineraleve te dobishme 
ne Shqiperi, si pershembull, te hekur-nikelit, te seres, etj., jane kryer 
ne vitin 1958-1959, nga gjeologe ruse dhe geke, te cilet punonin ne ate 
kohe ne Shqiperi. Por kerkimet e organizuara mire dhe te proramuara 
per kerkimin e mineraleve te dobishme radioaktive, ne rradhe te pare 
te uranit ne Shqiperi, filluar ne vitin 1960 ne shume rajone te 
Shqiperise. Keto kerkime perbenin gama rilevime ne terren, matje 
radiometrike ne galerite e kerkimit ne Shqiperi dhe percaktime 
radioaktive laboratorike te alfa, beta dhe gama rrezatimeve. Keto 
punime ishin plotesisht te mbyllura, teper sekrete. Nga pala shqiptare, 
ne ate periudhe, ne ekipet radiometrike merrnin pjese edhe inxhinjer 
gjeologet Niko Shkodrani, Vangjel Liko dhe inxhinjer Anastas Dodona. 
Ne vitin 1963, ketij ekipi u bashkangjit edhe inxhineri gjeofizik Lambi 
Langora, i cili ne vitet shtatedhjete-tetedhjete i drejtoi keto kerkime, 
dhe me pas edhe gjeologu Vasil Nasi, si edhe fizikantja Valdete Sala 
per percaktimet laboratoratorike. Ne ato vite, ne laorator beheshin 
percaktime integrale te gama rrezatimit dhe beta + gama rrezatimeve e 
uranit ekuivalent dhe radiumit. Nga viti 1978 filloi eksperimentimi i 
analizava gama spektrometrike sips elementeve radioaktive U, Ra, Th, 
K (Anastas Dodona dhe Petrit Skende nga Instituti i Fizikes 
Berthamore), por vetem nga viti 1986 filloi qe gama spektrometria te 
zbatohej per studimet gjeokimike per studimin e elementeve gjurme 
dhe per kerkimin e mineraleve radioaktive dhe joradioaktive, Ne vitet 
shtatedhjete-tetedhjete, ekipet radiometrike u zgjeruan edhe me 
specialists te tjere te rinj, Safet Dogjani, Pellumb Kasapi, Riza Bega, 
Petrit Kodheli, Osman Lika, Merita Dalipi, etj. Gjate periudhes se 
viteve shtatedhjete u kryen shume punime gjeologo-minerare dhe 
radiometrike ne objekte si Nimge ne rajonin e Kukesit, etj. te cilat nuk 
u kurorezuan me zbulimin e vendburimeve industriale te uranit, dhe 
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me kalimin e viteve u mbyllen. Nje pergjithesim dhe klasifikim te 
anomalive radiometrike beri ne ate kohe Llambi Langora ne 
disertacionin tij. 

Realizimi i aktivimit neutronik, nga Instituti i Fizikes Berthamore 
ne bashkepunim me Ekspediten Radiometrike ne vitet tetedhjete, krijoi 
mundesine e kryerjes se analizave ekspres, sipas teknologjive moderne 
per shume elements, dhe ne Shqiperi. 

Vitet nentedhjete sollen hapjen e kerkimeve radiometrike dhe 
orientimin e tyre per zgjidhjen e shume problemeve te rendesishme, te 
cilat nuk kishin lidhje me kerkimin e vendburimeve te uranit. Ne kete 
periudhe, drejtimet e kerkimeve dhe studimeve radiometrike qendronin 
ne: 

Se pari, ne progresin e studimeve radiometrike duke zbatuar 
percaktimet laboratorike gama spektrometrike sipas elementeve 
radioaktive U, Th, K ne mostra gjeologjike, ne kuadrin e rilevimeve 
gjeokimike krahinore ne Shqiperi per hartimin e Atlasit Gjeokimik te 
Shqiperise. Keto punime u drejtuan nga Anastas Dodona, me 
pjesemarrjen edhe te Merita Dalipi, ne bashkepunim te ngushte 
shkencor edhe me spesialiste te Institutit Berthamor te Akademise se 
Shkencave. Rezultatet e ketyre percaktimeve radiometrike spektrale u 
perfshine ne Atlasin Gjeokimik te Shqiperise, duke dhene nje kontribut 
qe i kaperxen kufinjte e vendit. Ne veganti u vleresua radioaktiviteti i 
argjilave te Shqiperise, si edhe dominantet e raporteve te 
radioizotopeve natyrore, si tregues te perqendrimeve te elementeve te 
rralle, te gmuar dhe te polimetaleve. 

Se dyti, ne studime radiometrike krahinore madhor sipas 
parametrit te gama rrezatimit total, sig eshte "Studimi i radioaktivitetit 
natyror te Shqiperise" (Safet Dogjani, Osman Lika, Llambi Langora 
(1997), qe per nga rendesia i kalon kufinjte e vendit. U realizua edhe 
studimi i rendesishem me karakter mjedisor "Studimi i efektit 
radiologjik te shkaktuar nga punimet e zbulimit te uraniumit ne 
Shqiperi" (Llambi Langora. Osman Lika. Safet Dogjani) (2001). 

Se treti, eshte drejtimi shume i rendesishem mjedisor mbi studimin 
dhe monitorimin e perqendrimit te Radonit ne mbulesat kuaternare te 
zones Pranadriatike, ne mjediset e brendeshme dhe ne ujin e pijshem 
ne qytete te ndryshme ne Shqiperi, te cilat drejtohen nga Llambi 
Langora, se toku me Osman Lika dhe Safet Dogjani (1995-2003). 

Se katerti, ne fillimet e viteve nentedhjete u kryen rilevime komplekse 
gjeologo-radiometrike ne disa raj one te vendit, midis te cileve edhe per 
kerkimin e qymyreve uranmbajtese te Suites Priska ne zonen e Fushe 
Krujes (M. Saragi, Petrit Kodheli, Pellumb Kasapi, Riza Bega dhe Safet 
Dogjani (1990-1993). 

Aktualisht, studimet radiometrike jane orientuar per zgjidhjen e 
problemeve mjedisore. Krahas kesaj, ka vend edhe te studiohen 
materialet e ndertimit qe perdoren ne Shqiperi, veganerisht ne 
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prodhimin e tullave dhe tjegullave, te gimentos, te hekurit qe perdoret 
per ndertim etj. Eshte e domosdoshme qe percaktimet radiometrike te 
shtrihen edhe ne produktet ushqimore. Percaktimet kimike me anen e 
aktivimit neutronik jane nje fushe tjeter shume e rendesishme, qe 
duhet levruar. Rilevimet dhe percatimet gama spektrometrike, si 
teknologji moderne duhet te jene ne qendren e vemendjes. 

7. STUDIMET GJEOTERMALE 

Studimet gjeotermale te kryera ne kuadrin e realizimit te 
projekteve “Atlasi Gjeotermal i Albanideve” [1995] dhe “Atlas of the 
Geothermal Resources in Albania” [1996], jane paraprire nga matje te 
temperatures ne puse te thelle te naftes dhe te gazit, te kryera qysh 
nga viti 1951, nga operatoret e pare te karotazhit, si: Hamdi Bejtja, 
Alfred Frasheri, Agim Luari, Pertef Nishani, Kadri Zalla etj., te Ekipit te 
Karotazhit te Ndermarjes se Shpimit ne Patos dhe me pas nga 
operatoret Fatmir Luari, Zylal Mahmutaj etj., te Ndermarrjes se 
Gjeofizikes Kantierale te Patosit. Nga keto institucione, temperatura 
eshte regjistruar me termometra elektrike ne qindra puse te thelle 
nafte dhe gazi per te percaktuar nivelin e ngritjes se unazes se 
pimentos pas kolones dhe per te zgjedhur detyra te tjera te ndryshme 
te karakterit teknik. Ne 85 puse eshte regjistruar temperatura per 
percaktimin e gradientit gjeotermal. Gjate viteve, specialiste te 
ndryshem te Ndermarrjes se Gjeofizikes Kantierale te Patosit, Vladimir 
Dodbiba, Fejzi Kafexhiu, Daver Cano etj., kane studiuar dhe 
pergjithesuar regjistrimet e kryera te temperatures. 

Ne disa puse ne vendburime te naftes dhe te gazit eshte matur 
temperatura edhe me termometra maksimale ne disa thellesi, nga 
specialiste te ndermarrjeve te nxjerrjes se naftes dhe te gazit dhe te 
Institutit Teknologjik te Naftes dhe Gazit ne Patos. 

Ne vitin 1990, u krye studimi "Gjeotermia e Albanideve" 
[A.Frasheri], i cili u perfshi ne Atlasin Gjeotermal te Europes, 1992, i 
botuar nga Geographisch-Kartographische Anstalt Gotha ne Gjermani. 
Hartat gjeotermale te Shqiperise ne kete Atlas jane dhene ne shkallen 
1:2 500 000 dhe jane ndertuar sipas analizes se 38 termogramave. 

Ne gjashtemujorin e dyte te vitit 1992, filloi realizimi i Projektit 
"Gjeotermia e Albanideve", fryt i te cilit eshte Atlasi Gjeotermal i 
Shqiperise (1995) me te dy pjeset e tij, ate teresor per Shqiperine, me 
harta ne shkallen 1: 1 000 000 dhe tjetrin per zonen tektonike Jonike 
dhe Ultesiren Pranadriatike ku ndodhen vendburimet e naftes dhe te 
gazit [1993] me harta ne shkallen 1: 1 500 000 (Alfred Frasheri, 
Rushan Lipo, Nazif Kapedani etj. dhe shkencetare geke Vladimit 
ermak, Jan Safanda etj). 

Atlasi eshte hartuar duke patur ne dispozicion termogramat e: 

1) 84 puseve te regjistruara nga ekipet e Ndermarrjes Gjeofizike 
Kantierale te Patosit, per periudhen 1952-1993. 
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2) 59 puseve te regjistruara nga ekipi i Seksionit te Gjeofizikes te 
Fakultetit te Gjeologjise dhe te Minierave, vete ose se bashku me 
shkencetaret geke ne periudhen 1993-1995. 

Vetite termike te shkembinjve, sipas kampioneve te mbledhura 
ne vitet 1993-1995 ne Shqiperi, jane percaktuar nga ekipi shqiptar ne 
Laboratorin e Institutit Gjeofizik te Prages dhe disa ne Departamentin 
e Gjeologjise dhe te Gjeofizikes ne Universitetin e Barit. 

Matjet ne miniera, si ne ate te Bulqizes jane kryer nga Doc. Hajredin 
Shtino. 

Studimi “Atlas of Geothermal Resources of Albania” u hartua gjate 
viteve 1994-1996 nga i njejti ekip i perbashket shqiptaro-gek ne 
kuadrin e “Atlas of Geothermal Resources in Europe”, i cili u botua ne 
vitin 2002 (Alfred Frasheri, Muhamet Doracaj, Rushan Ligo, etj. dhe 
shkencetare geke Vladimit ermak, Jan Safanda etj). 

Platforma mbi parimet e perdorimit kompleks dhe kaskade te 
energjise gjeotermale te entalpise se ulet ne Shqiperi, e pergatitur nga 
Alfred Frasheri gjeti vleresim nga Workshopi 26-te mbi Inxhinjerine e 
Rezervuareve Gjeotermale, 29-31 janar 2001, Universiteti Stanford 
California, USA dhe u botua ne materialet e tij. 

Vroj timet, studimet dhe analizat e burimeve dhe te puseve te 
ujerave termale jane kryer nga sherbimet hidrogjeologjike e gjeofizike 
te Sherbimit Gjeologjik Shqiptar dhe te Qendres Kombetare Shkencore 
te Kerkimeve te Hidrokarbureve (Avgustinskij V.L. etj., 1957, Radium 
Avxhiu, etj. 1999, Haki Dakoli, etj. 1981, 2000, Kristaq Dhima, etj. 
2000, Harta Hidrogjeologjike e Shqiperise ne shkalle 1: 200 000 , 
1985, Romeo Eftimi, etj., 1989, Hamza Regi, etj., 2001, Mane Tartari, 
etj., 1999, Telo Velaj, 1995, Salvatore Bushati, etj 2004, Piro Leka, etj 
2005). 

Ne vitin 2003, nga nje ekip i gjere i Shoqates se Ruajtjes dhe 
Mbrojtjes se Ujerave Bregdetare dhe te Embla te Shqiperise (Alfred 
Frasheri, Niko Pano, Salvatore Bushati, Neki Frasheri etj), u realizua 
Projekti sensibilizues “Perdorimi i energjise gjeoteormale miqesore me 
mjedisin ne Shqiperi”, UNDP-GEF, SGP. Ky Projekt u realizua se 
bashku me Institutin e Informatikes dhe te Matematikes se Aplikuar 
(INIMA). Ne kuadrin e ketij projekti u botua nje broshure dhe u 
pergatit nje videokasete mbi energjine gjeotermale te Shqiperise, tre 
projekte ide mbi perdorimin e nxehtesise se Tokes per ngrohjen e 
banesave dhe te serave, mbi perdorimin komplkes dhe kaskade te 
energjise se ujerave termale [Alfred Frasheri etj., 2003], si edhe u 
organizuan kater workshope sensibilizuese. Broshura eshte perfshire 
edhe ne nje faqe te internetit te INIMA, si bashkautore e projektit, me 
adrese: 

http: / /www.inima.al/~nfra/ geothermal 
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Me kerkesen e Institucionit Gjerman Geothermische-Vereinigung, 
kjo broshure eshte futur edhe ne faqen e tyre te Internetit: EGEC’s 
GEOTHERNET: 
http:/ / www. Geothermie.de 

Ne kuadrin e ketij projekti u pergatit edhe drafti shqiptar i “Ligji i 
Energjise Gjeotermale” [Ermal Frasheri, 2003]. 

Ne vitet 2003-2004, ne kuadrin e Programit Kombetar per 
Kerkim dhe Zhvillim te drejtuar nga Akademia e Shkencave, u be e 
mundeshme te botohet “ATLASI I BURIMEVE GJEOTERMALE NE 
SHQIPERI”, i cili eshte pergjithesim i te gjitha studimeve gjeotermale te 
kryera deri ne 2004 ne Shqiperi. Atlasi eshte vendsur ne Internet, me 
URL: 

http: / / www.inima.al/~nfra/ projects /geothermal/ 

GEOTHERMAL ENERGY IN ALBANIA 

ATLAS OF GEOTHERMAL RESOURCES IN ALBANIA 

Published by Faculty of Geology and Mining, 

Polytechnic University of Tirana 

Prof. Dr. Alfred Frasheri, Dr. Vladimir Qermak (Co-Editors in chiefs) 

8. GJEOFIZIKA E PUSEVE 

Metodat gjeofizike per studimin e puseve te naftes jane perdorur 
per here te pare ne Shqiperi nga gjeofiziket italiane te shoqerise AIPA, 
ne vitin 1934 ne vendburimin e Kugoves. Ata perdoren karotazhin 
elektrik te rezistences elektrike specifike te dukshme, me regjistrim 
pikesor. 

Ne menyre sistematike, studimi gjeofizik i puseve te naftes filloi 
ne vitin 1950, kur u ngrit grupi i pare i karotazhit ne Patos, ne 
kuadrin e Kombinatit te Naftes. Ne kete grup punonte operatori rus 
David A. Bronshtein, si edhe u pergatiten dy tekniket e pare shqiptare, 
Hamdi Bejtja (1951) dhe Alfred Frasheri (1953). Me zhvillimin e 
metejshem te ketyre metodave, ne vitin 1954 u krijua Baza e 
Karotazhit, me qender ne Patos, qe pas vitit 1956 u drejtua nga Inxh. 
Agim Luari. 

Duke filluar me regjistrimin e panderprere automatik te 
rezistences se dukshme dhe te potencialit te polarizimit spontan, pas 
punimeve eksperimentale filloi te kryej matja e kompleksit te plote te 
sondimeve elektrike anesore te karrotazhit, qe lejoi te studiohej prerja 
gjeologjike e pusit me anen e metodave te elektrometrise se puseve. 
Detyrat e zgjidhura ne fillim ishin modeste dhe qendronin ne 
percaktimin e thellesise dhe te trashesise se shtresave, si edhe ne 
ndarjen cilesore te prerjes se shpuar ne shkembinj me veti te mira dhe 
ne shkembinj me pershkueshmeri te keqe. 



1599 


Ne periudhen e viteve pesedhjete filloi edhe studimi i gjendjes 
teknike te trungut te pusit, duke percaktuar shtremberimin e tij me 
inklinometra elektrike, diametrin faktik te trungut te pusit, u 
regjistrua temperatura ne pus me termometra elektrike dhe u vleresua 
gradienti gjeotermal, u percaktua rezistenca elektrike specifike e 
solucionit te argjiles dhe i ujerave, si edhe vendi i rrjedhjes se ujerave 
ne pus. Ne vitin 1951 filloi hapja e shtresave te naftes me perforim, 
duke perdorur perforatire autromatike me plumba dhe ne vitet 1952- 
1955 u kryen me sukses edhe torpedimet e para ne puse. Per hapjen e 
shtresave te naftes dhe gazit u kalua ne perdorimin e perforators 
moderne kumulative dhe ne vitin 1955 filloi marrja anesore e 
kampioneve. Per here te pare ne praktiken e gjeofizikes kantierale u 
krye me sukses torpedimi i puseve me torpeda me veprim kumulativ 
per zhbllokimin e instrumentave te bllokuar te shpimit, po keshtu u 
perdoren torpeda kumulative per shkaterrimin e sendeve metalike te 
rena ne pus. 

Karakteristika e rendesishme e kesaj periudhe ishte edhe 
automatizimi i regjistrimeve i te dhenave gjeofizike me anen e 
stacioneve automatike te karotazhit, i cili u vu ne perdorim per here te 
pare ne vitin 1955, duke siguruar rritjen e saktesine se punimeve 
gjeofizike dhe rendimentit ne pune ne pus. 

Gjate kesaj periudhe u kompletua kompleksi i studimit te puseve 
edhe me metoda te tjera. Filloi eksperimentimi i karotazhit gazor dhe 
atij radioaktiv me metoden e gama-karotazhit. 

Tipari kryesor i periudhes se mevonshme, i fillimeve te viteve 
gjashtedhjete, ishte hopi drejt interpretimit te plote sasior dhe cilesor i 
rezultateve te matjeve ne pus, per te percaktuar parametrat fizike te 
horizonteve prodhimtare te prerjeve terigjene, si poroziteti, 
pershkueshmeria dhe naftengopja (Hidai Haxhi, Rushan Ligo, Spiro 
Kozmai, etj.). Problem i dites prej vitit 1961 u be edhe studimi i 
prerjeve karbonatike Filloi te punohej ne lidhje me percaktimin e 
horizonteve kolektore ne keto prerje dhe, qofte edhe ne menyre cilesore 
te vleresohej naftembajtja e tyre dhe pozicioni i kontaktit nafte-uje, etj. 
Ne kete kuader u krye eksperimentimi dhe filloi perdorimi i 
mikrosondave, i sondeve simetrike, i karotazhit anesor etj. Ne 
studimin e prerjeve te puseve, krahas gama-karotazhit (Pertef Nishani 
etj.), filloi edhe perdorimi i metodes se gama-gama karotazhit e 
karotazhit zanor. 

Periudha e viteve shtatedhjete dhe gjysma e pare e viteve 
tetedhjete u karakterizua nga nje zhvillim me i madh dhe i 
shumanshem i studimeve gjeofizike te puseve ne disa drejtime me 
kontributin e madh te Hidai Haxhi, Rushan Ligo, Spiro Kozma, Nikolla 
Zendeli, Daver Qano, Kliti Verria, Nazif Kapedani, etj.: 
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a) Kompletimi i komplesit te studimit te puseve me metoda 

bashkekohore: gamma-gamma karotazhi, karotazhi neutronik, 

aktivimi neutronik, perdorimi i gjurmuesve radioaktive, karotazhi 
anesor, u zgjerua perdorimi i karotazhit gazor, etj. Per kete u sigurua 
edhe aparatura e nevojshme e kohes. 

b) Interpretim i sasior i te dhenave gjeofizike te studimit te puseve me 
anen e kompjuterave. Rezultatet e ketyre interpretimeve jane vene ne 
themel te studimit te te gjithe puseve te nafte dhe te gazit ne vend. 

c) Studimi i vetive fizike te shkembinjve te kolektoreve nafte- 
gazmbajtes. 

d) Ne ndertimin e aparaturave dhe paisjeve automatike, qe me sukses 
u vune ne perdorim, midis te cilave me te rendesishmet jane stacioni 
automatik i karotazhit SAK-67 (Kristaq Papa, Kadri Zalla etj.), stacioni 
i karotazhit zanor (1969), stacioni automatik i perforimit dhe marrjes 
anesore te kampioneve (SAPK-70/1) (1970), termometra elektrike 
diferenciale, mikrosonda, perforatiore kumulative, aparature pusi per 
gama-karotazhin dhe lokatore magnetike. 

Ky nivel i arritur lejoi qe te studioheshin mire dhe me siguri e 
cilesi kolektoret karbonatike dhe terrigjene nafte-gazmbajtes, duke 
perdorur metoda te perparuara te kohes. Me kete u dha nje kontribut 
me vlere shume te madhe per njohjen e shtratimeve te naftes dhe te 
gazit ne gelqerore dhe ranore, si gjate kerkimit te vendburimeve te reja 
ashtu edhe ne nxjerrjen e naftes dhe te gazit ne vendburimet 
ekzistuese. 

Studimi gjeofizik i shpimeve u krye edhe gjate kerkim-zbulimit te 
vendburimeve te mineraleve te dobishme te ngurta. 

Duke filluar nga viti 1959, ekspedita gjeofizike e Ndermarjes 
Gjeologo-Topografike, Tirane, filloi perdorimin e karotazhit elektrik per 
studimin e puseve te shpuar ne vendburimet e qymyreve, te bakrit, 
hekur-nikelit etj. Ky drejtim i studimeve gjeofizike te shpimeve u 
zgjerua dhe u kompletua me metoda te kohes ne vitet shtatedhjete- 
tetedhjete. Per studimin e puseve ne vendburimet e qymyreve ne te 
gjitha pellgjet qymyrore te vendit u perdoren metodat te karotazhit 
elektrik, gama dhe gama-gama karotazhi, inklinometria etj. Kontribut i 
madh ne kete drejtim dhane Neim Qavani dhe Sillo Mugko. Zbulimi i 
vendburimit te qymyreve ne Mushqeta eshte nje nder sukseset e 
rendesishem te punes kerkuese te Neim Qavanit. Per stuidmin e 
shpimeve ne vendburimet e bakrit dhe te kromit u perdoren karotazhet 
e rezistences, karotazhi i polarizimit te provokuar, gama dhe gama- 
gama karotazhi. 

Studimi gjeofizik i puseve te shpuar ne vendburimet e fosforiteve 
nuk eshte kufizuar vetem me caktimin e thellesise dhe potences se 
horizontit fosfatik behej edhe vleresimi sasior i permbajtjes se P2O5 ne 
mineral. 
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Aktualisht edhe ky drejtim i gjeofizikes eshte shuar pasi nuk 
shpohen me puse kerkim-zbulimi. Ka mbetur vetem nje berthame e 
vogel ne industrine e naftes, per te studiuar ndonje pus te 
ALBPETROLIT. 

9. BASHKEPUNIMI SHKENCOR 

Arritjet e gjeofizikes shqiptare jane siguruar nga njebashkepunjim 
shkencor i frytshem midis institucioneve dhe specialiteteve te 
ndryshme te vendit: qendrave gjeofizike, ndermarjeve dhe 

institucioneve gjeologjike, univesitetit dhe instituteve te Akademise se 
Shkencave. KLy bashklepunim konsiston ne: 

• Projekte te perbashketa gjeologo-gjeofizike-gjeokimike, sollen 
zbulimin e dhjetra vendburimeve te nafte, te gazit, te bakrit, te 
kromit, te fosforiteve, te qymyreve etj. 

• Bashkepunimi me INIMA kijoi kushte per futjen e metodave 
mathematike ne perpunimin dhe interpretimin e te dhenave 
gravimetrike, magnetometrike, elektrometrike etj. 

• Bashkepunimi me Institutin e Fizikes Berthamore krijoi 
mundesite per studimet radiometrike dhe analizat gama- 
spektrometrike, si edhe analizat me aktivim neutronik. 

• Formimi i inxhinjereve te rinj dhe kualifikimi pasunivertsitar, 
duke angazhuar specialistet me te kualifikuar te vendit si 
pedagoge te jashtem. 

• Angazhimi i profesoratures se Katedres se Gjeofizikes, Fakulteti I 
Gjeologjise dhe Minierave, ne kerkimin shkencor te qendrave 
gjeofizike te vendit, si edhe ne projektimet per kerkimin e 
vendburimeve te naftes e te gazit, si edhe te mineraleve te tjera te 
dobishme. 
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Pjesa e dyte 

PERGATITJA E INXHINJEREVE GJEOFIZIKE DHE KUALIFIKIMI I 

TYRE PASUNIVERSITAR. 

Pergatitja e inxhinjereve gjeofizike filloi me dy kurse ne vitin 1961 
ne Degen e Gjeologjise te Fakultetit te Inxhinjerise ne Universitetin 
Shteteror te Tiranes, duke nisur nga kursi i katert, me kontigjentin e 
studenteve qe u kthyen nga jashte shtetit dhe studionin per gjeofizike. 
Trembedhjete inxhinjeret e pare gjeofizike u diplomuan ne vitin 1963. 
Krahas ketij kursi, u hap edhe nje kurs nga viti e trete, me studente qe 
kishin kryer studimet ne vitin e dyte ne Degen e Gjeologjise, te cilet u 
diplomuan ne vitin 1864. Pas kesaj u nderpre pergatitja e inxhinjereve 
gjeofizike deri ne vitin 1978 kur u rifilloi perseri. Pergatitja e 
inxhinjereve gjeofizike behej ne kuadrin e Katedres se Vendburimeve 
dhe te Metodave te Kerkimit. Me nderpreje, deri me sot pergatitja e 
inxhinjereve gjeofizike kaloi disa etapa: 


Ne vitin 1968 u formua katedra e Gjeofizikes ne Fakultetin e 
Gjeologjise dhe te Minierave. Ne vitin 1992 Katedra shderrohet ne 
Seksion, dhe inkuadrohet ne kuadrin e Departamentit te Shkencave te 
Tokes. Ne kete pozicion mbetet edhe pas ndryshimeve te bera ne vitin 
2005 ne kuadrin e Protokolit te Bolonjes. 

Duke filluar nga viti 1962 e nw vazhdim wshtw kryer edhe 
kualifikimi pasuniversitar i inxhinjereve sipas skemave: 

Kualifikimi pasuniversitar, titujt dhe gradat shkencore ne 
universitet: 

Gjate periudhes 1957-1992 eshte realizuar si me poshte: 


Profesor (pas Dr.Shk., shkalla e dyte) 
Docent (pas Kandidatit te Shkencave) 
Pedagog i pare 
Pedagog i dyte 
vjetAsistent 


minimum. 2 vjet 
minimum. 4 vjet 
minimum 4 vjet 
minimum 4 


Aspirantura: Kandidat i Shkencave (Shkalla e pare e kualifikimit 
pasuniversitar) Minimum 3 vjet 


Gjate periudhes 1992 e deri aktualisht: 


Profesor (pas Dr.Shk.) 

Profesor i asociuar (pas Doktor i Shkencave) 
Pedagog 


minimum. 2 vjet 
minimum. 4 vjet 
minimum 4 vjet 
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Asistent 

Shkolla Pasuniversitare (SHPU)- Doktor i Shkencave 
Minimum 1 vit SHPU dhe 3 vjet doktorata 

Nga dega e gjeofizikes jane pergatitur 276 inxhinjere gjeofizike 
dhe jane specializuar per gjeofizike dhjetra fizikane me kurse nje 
vjegare pasuniversitare, ose ne kuadrin e kualifikimit pasuniversitar. 


GEOPHYSICAL ENGINEERS FORMED 
IN THE FACULTY OF GEOILOGY AND MINING 
Persons 1963-2005 



Gjate periudhes 1973-2005 jane kualifikuar dhe kane marre tituj 
e grada shkencore 74 specialists gjeofizike: 

Dr. shkencash 45 
Profesore 7 

Prof. As. 1 

Drejtues Kerkimi 9 
Mjeshter Kerkimi 12 

Gjate viteve jane kryer edhe kurse specializimi me inxhinjere 
gjeofizke e gjeologe per perpunimin e te dhenave me anen e 
kompiuterave, per gjeofiziken inxhinjerike dhe mjedisore, si edhe per 
kerkimin e ujerave. 

MBI PLANET MESIMORE TE PERGATITJES SE INXHINJEREVE 

GJEOFIZIKE 
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Gjate periudhes 1961-2005 jane hartuar dhe permiresuar 
vazhdimisht planet mesimore, qe ato tu pergjigjen sa me mire 
kerkesave te kohes dhe nivelit shkencor dhe teknologjik te kerkimeve e 
studimeve gjeofizike. 

Gjate ketyre viteve, planet mesimore kane ndryshuar si strukture 
dhe si vellim dijesh. Ndryshimet thelbesore jane si me poshte vijon: 

Ne vitin 1967 deri 1992 dhe 1999-2005, inxhinjeri gjeofizik 
pergatitej si specialitet i vegante, duke marre te plota lendet teorike 
haze ne veganti fizike e matematike, lendet formuese gjeologjike dhe 
lendet e specialitetit. 

Ne vitin 1974, ne planin mesimor te deges se gjeofikes, u fut per 
here te pare ne Universitetin e Tiranes, lenda e teknikes llogaritese, e 
cila me von u riemerua: Informatika dhe programimi. 

Ne vitin 1985 u fut per here te pare lenda e re e “trajtimit te 
sinjalit”. 

Pas vitit 1992 u futen si lende opsionale Gjeofizika inxhinjerike 
dhe e mjedisit, duke zgjeruar me kete fushen e zbatimeve gjeofizike 
dhe sjelljen ne nivel te kerkesave bashkekohore ndaj gjeologeve dhe 
gjeofizikeve. 

Me reformen e revolucionaizimit te shkolles dhe trekendeshin 
revolucionar mesim-pune praktike-stervitje ushtarake, ne planet 
mesimore pas vitit 1967 u pakesua vellimi i lendeve inxhinjerike si 
edhe i atyre gjeologjike. 

Me futjen e sistemit te biennales per dy vitet e para te 
Universitetit Politeknik, pas vitit 1992 dhe me mbylljen e deges se 
gjeofizikes, ne opsionin e specilitetit gjeofizik u pakesua vellimi i 
njohurive te marra per lendet e specialitetit gjeofizik, krahas edhe me 
rradhen e pershtatshme te zhvillimit te disa lendeve gjeologjike. 

Ndryshime thellbesore u bene ne vitin 2005, me zbatimin e 
Protokollit te Bolonjes, te cilat do te analizohen pas paraqitjes se 
planeve te reja mesimore, me poshte. 

Ne tabelen e meposhtme krahasohen me detaje planet mesimore 
te periudhave te ndryshme te treguara me lart. 
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PLANET MESIMOR TE DEGES SE GJEOFIZIKES NE VITE 1961-2005 


Nr. 

Lenda 

Vitet 

1961- 

1964 

1978- 

1983 

1987 

1992- 

1996 

2000- 

2005 

Shenime 


Lende politiko- 

ushtarake 







1 

Histori e PPSH 

112 

112 

120 




2 

Ekonomi politike 

112 

112 

120 




3 

Materializem 
dialektik dhe 

historic 

132 

132 

142 




4 

Mesim Ushtarak 

120 

214 

148 





Lende sociale 








Sociologji 




45 

45 


5 

Edukate fizike 

110 

110 

120 

60 

120 


6 

Gjuhe e huaj 

110 

110 

120 

120 

240 



Lende teorike baze 







7 

Algjeber dhe 

gjeometri analitike 


112 

135 

120 

120 


8 

Analize matematike 
e numerike 


342 

542 

485 

330 


9 

Statistike e 

probabilitet 




75 

75 


10 

Ekuacione speciale 
te fizmat. 


56 



70 


11 

Informatike 



90 


120 


12 

Gjeostatistike 




75 

48 


13 

Fizike 


287 

390 

240 

255 


14 

Kimi e 

pergjitheshme dhe 
fizike 


65 

120 

120 

120 


15 

Trajtim sinjalesh 



84 

135 

90 



Lende inxhinjerike 







16 

Gjeodezi dhe 

markshejderi 

120 

82 

75 

75 

75 


17 

Gjeometri 

descriptive dhe 

vizatim teknik 

68 

68 

60 




18 

CAD 




60 

45 


19 

Grafike inxhinjerike 





135 


20 

Mekanike teorike, 
inxhinjerike 

60 



120 

120 


21 

Rezistence 

materialesh 




60 
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22 

Mekanika e 

mjedisit te 

vazhduar 




75 



23 

Elektroteknike dhe 
elektronike e 

zbatuar 

154 

154 

150 

90 

90 


24 

Sistemet 

gj eoinformative 

(GIS) 





60 


25 

Teknologji minerare 
dhe shpim 

168 

78 

84 

60 

75 



Lende gjeologjike 







26 

Gjeologji 

pergjitheshme 


68 

60 

75 

75 


27 

Paleontologji, 
Stratigrafi dhe 

Gjeologji historike 



60 

195 

60 


28 

Gjeomorfologji - 

gjeologji kuaternarit 





36 


29 

Kristalografi dhe 

kristalo optike 




105 



30 

Mineralogji- 

petrografi 


112 

120 

285 

120 


31 

Gjeologji 

strukturore dhe 

gjeotektonike 


112 

135 

170 

111 


32 

Hartografim 

Gjeologjik 




60 



33 

Gjeodinamike 




75 



34 

Bazat e gjeokimise 




75 



35 

Gjeologji e vb dhe 
kerkimi tyre 


106 

112 

168 

120 


36 

Metalogjenia 




55 



37 

Gjeologjia e naftes 
dhe kantierale 


134 

153 

75 

144 


38 

Gjeologjia e 

Shqiperise 




60 



38 

Hidrogjeologji dhe 

gjeologji 

inxhinjerike 


48 

56 

150 

60 



Lende gjeofizike 







40 

Bazat e gjeofizikes 


70 


75 



41 

Magnetometri 


106 

125 

43 

105 


42 

Gravimetri 


114 

123 

50 

91 


43 

Elektrometri 


154 

211 

104 

196 
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44 

Teoria valeve dhe 
sizmika 


198 

233 

185 



45 

Teori e valeve, 

sizmike e sizmologji 





274 


46 

Gjeofizika e puseve 


176 

234 

104 

194 


47 

Fizika berthamore e 
radiometria 


116 

98 

45 

133 


48 

Aparature gjeofizike 



65 




49 

Fizika e Tokes 




60 

60 


50 

Perpunim i te 

dhenave gjeofizike 
me kompiuter 


106 

70 




51 

Organizim 
planifikim i 

punimeve gjeofizike 


36 

70 




52 

Bazat e ekonomise 
se tregut 




44 

60 


53 

Vetite fizike te 

mineraleve dhe 

shkkembinjve 

60 






54 

Sizmometri 

60 






55 

Lende me zgjedhje: 
Probleme te 

kerkimit te 

mineraleve me 

gjeofizike 


48 


33 

77 


56 

Lende me zgjedhje: 
Probleme te 

studimit te 

rezervuareve 





77 


57 

Lende me zgjedhje: 

Gjeofizika 

inxhinjerike 





77 


58 

Lende me zgjedhje: 

Gjeofizika 

nentokesore 




33 



59 

Lende me zgjedhje: 
Gjeofizika e mjedisit 




33 

60 











GJITHESEJ 

4092 

3738 

4425 

4372 

4363 











Praktike ne terren: 
(Jave 







1 

Geologji e 

2 

2 

2 
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pergjitheshme 







2 

VrotjimeTopografike 

2 

2 

2 




3 

Gjeologji 

strukturale, 

hartografim 

2 

2 

2 

2 

3 


4 

Kerkim Gjeologjikl 

8 

4 

4 

2 

2 


5 

Stazh ne 

Ndermarrje 


36 

36 




6 

Praktike Diplome 

8 



4 

4 



Total 

22 

46 

46 

8 

9 











Stervitje ushtarake 
Gave) 

8 

20 

20 





















Ne grafikun e me poshtem paraqiten ndryshimet e treguara me lart. 



□ Series6 

■ Series5 

□ Series4 

□ Series3 

■ Series2 

□ Series 1 


Lendet sipas serive : 6. Gjeofizike; 5. Gjeologjike; 4. Inxhinjerike; 

3. Teorike te pergjitheshme baze; 2. Sociale; 1. Politike dhe pergatitje 
ushtarake.PS: Programi mesimor i zbatuar ne vitin 2005 
sipas Protokollit te Bolonjes i perket tre viteve te para, per Diplomen Bachelor. 

Lwndwt sipas programeve: 

Njohurite gjeofizike, sig duket ngjate viteve jane plotesuar dhe 
kane pesuar ndryshimet e duhura ne planin dhe ne programet 
mesimore, duke iu pergjigjur nivelit teknik-shkencor dhe teknologjik te 
gjeofizikes. N: 

Lendet e specialitetit gjeofizik:Vite 1961-1964 

1973-1978 1987-1996 2000-2005 


Magnetometri + 

+ 

+ 

+ 

Gravimetri + 

+ 

+ 

+ 

Elektrometri + 

+ 

+ 

+ 

Teori e valeve sizmike + 

+ 

+ 

+ 
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Sizmike + + 

+ 

+ 

Teori e valeve-sizmike-sizmologji 


+ 

Sizmike stratigrafike 


+ 

Sizmike inxhinjerike 


+ 

Studimi gjeofizik i puseve + + 

+ 

+ 

Radiometri + + 

+ 

+ 

Trajtim sinjali + 

+ 

+ 

Fizike e Tokes 

Perpunimi i te dhenave gjeofiz. 

+ 

+ 

me kompiuter + 

+ 

+ 

Geofizike inxhinjerike 


+ 

Gjeofizike mjedisore 

+ 

+ 

Gjeofizika ne Miniera 

+ 

+ 

Gjeotermi 


+ 

Lende Gjeofizike per specialitetet 

Fakultet: Metodat gjeofizike te kerkimit 
Studimi gjeofizik i puseve 
Gjeofizike inxhinjerike dhe e mjedisit 

jo 

Gjeofizike 


Njohurite teorike baze jepen kryesisht me lendet fizike, 
matematike, kimi dhe disa lende te pergjithshme gjeologjike. 
Permiresimi i njohurive te marra ne ke lende ka qene ne qendren e 
vemendjes se Seksionit te Gjeofizikes: 

Periudhat 1961-1964 1973-1978 2002-2005 

Analize matematike + + 

Gjeometri analitike + + 

Ekuacionet speciale te Fiz. Mat. + + 

dhe funksionet speciale 

Algjebra lineare + 

Statistike dhe probabilitet + 

Gjeostatistike 

Informatike programim + 

Analizw numerike + 

Plani mesimor gjate viteve 1992-1996, per bienalin ka qene: 
matematike - Fizike atomike dhe berthamore 

- Gjeometri analitike - Kimi 

- Algjeber lineare - Gjeologji e pergjitheshme 

- Ekuacionet e fiz.- mat. - Gjeometri deskriptive 

- Metodat numerike 

- Informatike 

- Fizike e pergjitheshme 


+ 

+ 

+ 

+ 

+ 

+ 


+ 


- Analize 


e ndryshim nga periudha e punes sipas bienalit, ne planet e tjera 
te pergatitjes gjeofizike u eshte dhene rendesia e duhur de ndryshme 
matematike, per te krijuar kushtet e duhura per asimilimin e thelle te 
njohurive fizike dhe te lendeve te specialitetit gjeofizik: 
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•Paleontologji & Stratigrafi 
•Mineralogji &Kristalografi 
•Petrografi & Petrologji 
•Geokimi 

•Gjeologji strukturale dhe hartografim 

•Gjeology e vendburimeve te mineraleve te dobishme te ngurta 

•Gjeologji e naftes dhe e gazit 

•Metalogjeni 

•Kerkim-zbulimi i vendburimeve te mineraleve te dobishme te ngurta. 
•Gjeologjia e rezervuarit. 

• Gj eodinamike 
•Gjeologji e Shqiperise 
•Hidrogjeologji 
•Gjeologji Inxhinerike 
•Gjeologji Mjedisore 

Ne vitin 2005, pas analizimit te planeve mesimore te shume 
universiteteve europiane dhe diskutimeve te shumta, ne zbatim te 
Protokollit te Bolonjes u hartua plani i ri mesimor sipas parimit 3 vjet 
Diploma Bachelor +2 vjet Diploma Master + 3 Diploma Doktor i 
Shkencave. Aktualisht eshte hartuar plani mesimor per tre vjetet e 
pare, i cili ka filluar te zbatohet. 
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PLANI MESIMOR, SIPAS PROTOKOLLIT TE BOLONJES 

(2005 eshte viti i pare i zbatimit) 

Cikli 3 vjegar Diploma BACHELOR 

Viti i I* 60 CFU 

Simestri i I* 30 CFU Simestri i II* 30 CFU 

Seria 1A 55.5 CFU 

Kimi e pergjitheshme dhe analitike 5.0 Fizike dhe termodinamike kimike 3.0 


Matematike e pergjitheshme 

5.0 Hyrje ne matematiken statistikore 

4.0 

Fizika 1 

5.0 

Fizika 2 

4.0 

Gjuhe e huaj 

2.0 

Vizatim teknik+CAD 

2.0 

Informatike 

4.5 

Bazat e hartografimit 

3.0 

Gjeologji e pergjitheshme 

5.0 

Paleobiologji dhe paleontologji 

5.0 

Kristalografi gjeometrike 

3.5 

Mineralogji e pergjitheshme dhe 


Dhe kimi kristalore 


Sistemaatikee 

4.5 

Total 

30.0 

Total 25.5 

Seri IB 


4.5 CFU 




Praktike ne terren 



Gjeologji 3.0 

Hartografim 1.5 


Viti i II 6 60 CFU 

Simestri i 3 te 30 CFU Simestri i 4 te 30 CFU 

Seri 2A 54.0 CFU 


Gjeokimi 

5.0 

Sedimentologji + Limnologji 

6.0 

Mikropaleontologji 1 

5.5 

Mikropaleontology 2 

3.0 

Mineralogji Optike 

5.5 

Stratigraphy + Gjeologji Historike 3.5 

Gjeomfologji 

4.0 

Gjeomatike 1 

2.5 

Petrologji 

5.0 

Fizike e globit 

6.0 

Gjeologji strukturore 

5.0 

Metodat e analizes petrografike dh e 



Gjeokimi 

3. 

Total 

30.0 

Total 

24.0 


Seri IB 6.0 CFU 

Praktike ne terren 

Gjeologji strukturale, Prerjet Gjeologjike (Hartografim) 3.0 
Gjeomorfologji, Sedimentologji, Stratigrafi 3.0 


Viti i IIP 60 CFU 

Simestri i 5 te 30 CFU Simestri i 6 te 30 CFU 

Seri 3 A 48.0 CFU 


Petrografia e shkembinjve Vendburime metalore dhe minerale 


magmatike 

5.0 

industriale 

4.0 

Petrografia e shkembinjve 


Vendburimet 


Sedimentare e metamorfike 

6.0 

e hidrokarbureve 

3.5 
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Gjeologji e Shqiperise 

4.0 Gjeofizike e zbatuart 

5.5 

Basenet sedimentare 

3.0 Gjeologji e mjedisit 

3.5 

Tektonika 

2.5 Menaxhimi i ndermarrjeve 

2.0 


Gjeologji e kuaternarit+ risqet gjeologjike 5.0 


Gjeokimi e mjedisit 

2.0 


Hidrogjeologji 

2.5 

Total 

30.0 

18.0 

Seri IB 6.0 CFU 

Praktike ne terren 



Gjeofizike e zbatuar 

1.5 


Vendburime, petrografi 

4.0 


Gjeologji e Shqiperise 

1.5 


Total 

7.0 


Ne kuadrin e ketij projekti, ne muajin tetor 2005 u be nje vizite 
studimore nga 2 ditore ne Departamentet e Gjeologjise dhe te 
Gjeofizikes te Universitetit te Studimeve te Triestes, te Universitetit te 
Studimeve te Barit dhe te Universitetit Aristoteli te Selanikut. 
Fillimisht, u referua per pergatitjen e inxhinjereve gjeofizike dhe 
kualifikimine tyre pasuniversitar ne Fakultetin e Gjeologjise dhe te 
Minierave, si edhe per fushat e kerkimit shkencor ne Seksionin e 
Gjeofizikes se ketij Fakulteti (Aneksi 1). Perkatesisht, u diskutua mbi 
zbatimet e Protokollit te Bolonjes me Prof. Icilio Renato Finetti, Prof. 
Anna Del Ben, Prof. Gianmaria Zitto, Prof. G. Baldazarre. Prof. 
Schiavonne. Ne Universitetin e Barit ishte zbatuar Protoko lli i 
Bolonjes per strukturen 3 vite Diplome Bachelor + 2 vite Diplome 
Master + 3 vite Diplome PhD. Ne Universitetin e Selanikut nuk ishte 
zbatuar kjo strukture, se e gjenin te papershtateshme. Verejtje per te 
shfaqen edhe profesore te Universitetit te Barit, duke konkluduar se 
shkolla 3+2 nuk eshte ekuivalente me shkollen 5 vjegare. U diskutua 
per kerkimin shkencor qe realizohet ne keta universitete. Gjate 
qendrimit ne Trieste u be nje vizite e shkurter edhe ne Observatorin 
Gjeofizik te Triestes OGS, ku u diskutua per mundesite e kerkimit 
shkencor ne kuadrin e projekteve te perbashket bilaterale ose te 
komunitetit Europian. 

Ne pasqyren e meposhtme behet krahasimi i planit mesimor te 
Departamentit te Shkencave te Tokes ne Fakultetin e Gjeologjise dhe te 
Minierave te Universitetit Politeknik te Tiranes dhe Laures ne Shkencat 
Gjeologjike ne Universitetin e Studimeve ne Trieste, per tre vitet e pare, 
Diplome Bachelor. 
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KRAHASIMI i PLANEVE MESIMORE TE STUDIMEVE 
BACHELOR NE SHKENCAT E TOKES 

MIDIS FAKULTETIT TE GJEOLOGJISE DHE TE MINIERAVE TE UNIVERSITETIT 
POLITEKNIK TE TIRANES DHE UNIVERSITA DEGLI STUDI DI TRIESTE , ITALI 
Total Bachelor 180 CFU 

Viti Pare 60 CFU 1 Anno 


Departamenti i Shkencave te 
Tokes, Fakulteti i Gjeologjise dhe i 
Minierave 

Universita degli Studi di Trieste 
Laura in Scienze Geologiche 

Lendet 

CFU 

Ore 

Lendet 

CFU 

Ore 



Matematike e 

pergjitheshme 

5.0 


Instituzioni di 

Matematiche 

8 

64 

Kimi e pergjitheshme 
dhe analitike 

5.0 


Chimica gen. ed 
inorganica con 

elem. Di organica 

8 

64 

Fizika I+II 

9 


Fisica I e II modulo 

8 

32+32 

Informatike 

4.5 


Informatica 

3 

30 

Gjeologji e 

pergjitheshme 

5.0 


Introduzione alia 

Geologia 

3 

24 

Mineralogjia e 

pergjitheshme dhe 

sistematika 

4.5 


Mineralogia 

8 

32+24 

16 

Gjuhe e huaj 

2.0 


Lingua straniera 

3 

24+36 







Kristalografi 
gjeometrike dhe 

kristalokimi 

3.5 


Estimo 

2 

16 

Hyrje ne statistiken 
matematike 

4.0 


Geografia fisica con 
laboratoriu di 

cartografia 

6 

24 

Termodinamike 
fizike dhe kimike 

3.0 


Geologia del 

sedimentario con 

laboratorio 

10 

16+24+16 

Vizatim teknik + 
CAD 

2.0 


Laboratorio di 

informatica 

5 

24 

16 

Bazat e hartografimit 

3.0 





Paleobiologji dhe 

paleontologji 

5.0 





Shuma 

60.0 



64 








Praktike ne terren 






Praktike ne gjeologji 

3.0 





Hartografim 

1.5 





Shuma 

4.5 
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PLANI I STUDIMEVE 

BACHELOR NE SHKENCAT E TOKES 

Viti Dyte 60 CFU 


Departamenti i Shkencave te Tokes, 
Fakulteti i Gjeologjise dhe i Minierave 

Universita degli Studi di Trieste 
Laura in Scienze Geologiche 

Lendet 

CFU 

Ore 

Lendet CFU Ore 

Semestri I rg 

Gjeokimi 

5.0 


Paleontologia con 
laboratorio 

8 

32+24 

16 

Mikropaleontologji 

5.5 


Geomorfologia 

4 

32 

Mineralogjia op tike 

5.5 


Petrografia con 

laboratorio 

8 

36 

40+24 

Gjeomorfologji 

4.0 


Fisica terrestre 

7 

40+24 

Petrologji 

5.0 


Geochimica 

4 

32 

Gjeologji strukturore 

5.0 











Shuma 

30.0 





Semestri II tg 

Sedimentologji+limnologji 

6.0 


Tectonica e 

Geodinamica 

7 

32 

24 

16 

Mikropaleontologji 2 

3.0 


Rilevamento 

Geologico 

8 

8 

12 

96 

Stratigrafi + Gjeolgji 

historike 

3.5 


Topografia e 

cartografia 

3 


Gjeomatike I 

2.5 


Dirito 

admministrativo 

2 

20 

Fizika e Globit 

6.0 





Metoda e analizes 

petrografike e gjeokimike 

3.0 





Shuma 

24.0 











Praktike ne terren 






Gjeologji strukturale, 

prerje gjeologjike 

(hartografim) 

3.0 





Gjeomorfologji, 
sedimentologji, stratigrafi 

3.0 





Shuma 

6.0 
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PLANI I STUDIMEVE 

BACHELOR NE SHKENCAT E TOKES 

Viti Trete 60 CFU 


Departamenti i Shkencave te Tokes, 
Fakulteti i Gjeologjise dhe i 
Minierave 

Universita degli Studi di Trieste 
Laura in Scienze Geologiche 

Lendet 

CFU 

Ore 

Lendet 

CFU 

Ore 

Semestri I rg 

Petrografia e 

shkembinjve 

magmatike 

5.0 


Geofisica Applicata 

10 

48 

36 

16 

Petrografia e 

shkembinjve 

sedimentare 

6.0 


Sistemi informative 
cartografici 

3 

8+12 

12 

Gjeologji e Shqiperise 

4.0 


Meccanica delle roche 

2 

16 

Basenet sedimentare 

3.0 


Geotecnica 

4 


Tektonika 

2.5 


Geologia Applicata I 
Modulo 

6 

32+24 

Gjeologjia e 

kuaternarit + risqet 
gjeologjike 

5.0 


A skelta dello 

studente 

8 


Gjeokimi e mjedisit 

2.0 





Hidrogjeologji 

2.5 





Shuma 

30.0 





Semestri II tg 

Vendburime metalore 
dhe minerale 

industrial 

4.0 


Scienza delle 

construzioni 

2 


Vendburimet e 

hidrokarbureve 

3.5 


Geologia Applicata II 
Mod. 

4 

64 

Gjeofizike e zbatuar 

5.5 


Stage, tirocini, 

ulteriori conoscenze 

9 


Gjeologji e mjedisit 

3.0 


Prova finale 

6 


Menaxhimi i 

ndermarrjeve 

2.0 


Totale di crediti III 
anno 

53 





Totale per i tre anni 

180 





Corsi optionali Laura 
Trienale Scienze 

Geologiche 



Shuma 

18.0 


Rocce e materiali per 
l’industria 

5 





Idrogeologia 

4 

32 

Praktike ne terren 



Georisorse minerale 

4 

32 

Gjeofizike e zbatuar 

1.5 


Micropaleontologia 

4 

24+12 

Vendburime, petrogr. 

4.0 


Mineralogia applicata 

4 

24+12 

Gjeologji e Shqiperise 

1.5 


Criteri di intervento 
sul territorio 

3 

24 




Lab. di analisi 
sedimentologia 

3 

36 

Diploma e Bachelor-it 



Geologia del 

Quaternario 

4 

24+16 

Mbledhje te dhenash 
+ kampionesh 

2.0 


Sedimentologia 

4 

32 

Shkrimi dhe 

prezantimi i diplomes 

3.0 


Petrografia applicata 

4 

24+12 

Shuma 

5.0 


Geochemica applicata 

4 

32 
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Ne figuren e meposhtme behet ballafaqimi grafik i ketyre dy planeve 
mesimore, sipas grupeve te lendeve: 



Lendet: 1- Teorike te pergjitheshme baze; 2- Inxhinjerike; 3- Natyrore; 4- 
Gjeologjike; 5- Gjeoflzike; 6- Sociale; 7- Pune e pavarur;'8- Stazhe; 9- Diploma 


Meqenese gjate viteve te ardhshem do te pergatitet edhe plani mesimor 
per diplomen e masterit, gjate vizitave studimore u kushtua vemendje 
edhe ketij problemi. Universiteti i Triestes ka dy drejtime gjeoflzike per 
lauren e specialistit ne gjeoflzike: Gjeofizika teorike dhe eksperimentale 
dhe Gjeofizika e zbatuar. 
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Ne pasqyren e neposhtme paraqitet plani mesimor i dy vjeteve , te 4 
dhe te 5-te. (Universiteti Triestes) 


Insegnamenti 

CFU 

Tipologia di 
attivita 

Ore 

S = Suppienza; A=Affidamenti; IV 

1= Mutuazione; C=Contratto 

Insegnamenti in commune ai due percorsi della Laurea Specialistica Geopfisica 

Probabilita e statistica 

4 

a 

32 

Introd. Al calcolo numerico 

4 

a 

32 

Acustica 

6 

a 

48 

Metodi di tratt. Del segnale 

5 

b 

48 

Geologia II parte A 

4 

c 

16+24 

Geologia II parte B 

4 

b 

16+12+16 

Idrogeologia applicata 

6 

c 

48 

Stages, tirocini, ulteiaori 

conosenze 

3 

f 


Prova finale 

30 

e 


Percorso Geofisica Teorici-Sperimentale 

Vulcanologia 

4 

b 

32 

Geodesia 

6 

b 

48 

Seismologia applicata 

4 

g 

32 

Sismometria 

5 

g 

32+12 

Sismologia A 

6 

b 

48 

Sismologia B 

6 

b 

48 

Oceanografia A 

6 

b 

32 

Gravita e magnetismo 

4 

b 

32 

Lab. di tecnica del suono 

6 

a 

48 

Elettromagnetismo 

7 

b 

90 

Percorso Geofisica Applicata 

Laboratorio di acquisizione e 
Tratamento dati eofisici 

6 

b 

36+48 

Logs e prospezioni geofisici 

5 

g 

16+24 

Lavoratorio di interpretaz. E 
inversione dati geofisici 

6 

b 

72 

Electromagnetismo 

6 

a 

48 

Metodi di trattamenti delle 
immagini 

5 

b 

48 

Geofisica mabientale 

6 

b 

40+20 

Prospezioni geofisiche 

4 

g 

32 

Oceanografia A 

4 

b 

32 

Lab. di tecnica del suono 

2 

b 

16 

Interpretazione dati sizmici 

6 

b 

32+24 

Monitoragio delle acque e dei 
sedimenti 

4 

b 

16+16 

Total 

120 






1618 


Ky kurrikulum, krahas edhe te tjereve nga universitete te ndryshme 
europiane, mund te sherbeje si orientues per hartimin e kurrikulave se 
specialitetit gjeofizik ne Fakultetin e Gjeologjise dhe te Minierave per 
diplomen e masterit. 

Ne kuadrin e diskutimeve per zbatimin e Protokollit te Bolonjes, 
nga profesore te Fakultetit te Shkencave te Natyres, eshte bere edhe 
propozimi qe per diplomen e masterit ne gjeofizike mund te vijne edhe 
studentet qe jane diplomuar “Bachelor ne fizike”. Lidhur me kete 
propozim e shohim te domosdoshme te theksojme: 

a) Gjeofizika ka si objekt studimi Tokes, historine e formimit dhe 
zhvillimit te saj, dinamiken e ndryshimeve ne kohe, si edhe kerkimin e 
vendburimeve te mineraleve te dobishme dhe njohjen e gjeomjedisit. 

b) Specialiteti i gjeofizikes mbeshtetet mbi tri shtylla te dijeve: 1) 
matematike-fizike - kimi; 2) Shkencat e Tokes (disiplinat gjeologjike 
dhe gjeofizike) dhe 3) Disiplinat inxhinjerike. Njohurite gjeologjike te 
shtrira ne tre vitet e para zene 140 kredite ne Fakultetin e Gjeologjise 
dhe te Minierave dhe 132 kredite ne Universitetin e Triestes, nga 180 
kredite gjithesej te tre viteve te para te diplomes bachelor. 

Ketej rezulton se: 

1) Per te bere masterin ne gjeofizike mund te vijne studente edhe nga 
deget e fizikes, te matematike, te elektronikes etj., por perpara se te 
fillojne studimet per masterin ata duhet te plotesojne dijet gjeologjike 
ne masen e 140 krediteve, ose te 2,3 vite studimi. 

Disiplinat gjeologjike ne Universitetin e Triestes per tre vitet e para: 


Introduzione alia Geologia 3 kredite 

Mineralogia 8 

Geologia del sedimentario con laboratorio 10 

Paleontologia con laboratorio 8 

Geomorfologia 4 

Petrografia con laboratorio 8 

Fisica terrestre 7 

Geochimica 4 

Tectonica e Geodinamica 7 

Rilevamento Geologico 8 

Geo fisica Applicata 10 

Meccanica delle roche 2 

Geotecnica 4 

Geologia Applicata i 4 

Geologia Applicata II 4 

Rocce e materiali per l’industria 5 

Idrogeologia 4 
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Georisorse minerale 
Micropaleon tologia 
Mineralogia applicata 
Criteri di intervento sul territorio 
Lab. di analisi sedimentologia 
Geologia del Quatemario 
Sedimentologia 
Petrografia applicata 
Geochemica applicata 

Total 


4 

4 

4 

3 

3 

4 
4 
4 
4 

132 kredite 


Kjo sjell qe diploma e masterit te merret pas 7 vitesh, g’ka eshte e 
papershtatshme dhe jo logjike. 

2) Edhe ne Shqiperi, si kudo ne vendet e tjera, per realizimin e 
projekteve gjeofizike punohet ne ekipe komplekse: gjeofizikane, 

gjeologe, mineraloge e petrografe, gjeokimiste, informaticiene e 
matematike, fizikane, etj. Por secili nga keta specialists, sipas nevojes, 
mbulon problemet e fushes se vet. Ne Shqiperi, ne mungese te numrit 
te mjaftueshem te gjeofizikaneve kane punuar, kryesisht ne industrine 
e naftes, edhe fizikane te cilet jane specializuar ne vite, si edhe me 
kurse te rregullt nje vjegare pasuniversitare ne katedren e gjeofizikes, 
pa u konvertuar ne gjeofizike dhe vetem pas kesaj kane bere Shkollen 
Pas Universitare (SHPU). 


3) Propozime te tilla te pastudiuara dhe te papergjegjeshme sjellin 
vetem goroditje ne mendjen e studentave, si edhe krijimin e “masterave 
ne shkencen e gjeofizikes” te pa pajisur me njohurite e domosdoshme 
mbi te cilat ngrihet godina e dijeve te gjeofizikut. 

Mesimet praktike dhe punet laboratorike 

Deri ne fundin e viteve tetedhjete sudentet e gjeofikes kishin ne 
dispozicion tekste per zhvillimin e mesimeve praktike dhe ushtrimeve, 
dhe megjithese shume pak edhe baze kompiuterike dhe softeare te 
hartuar nga profesore te katedres dhe te INIMA-s, qe u krijonin 
mundesi per te zgjidhur ushtrime individualisht, ndonse ne kohe te 
kufizuar. Ne ate periudhe (1984-1985), Laboratori i Gjeofizikes u pajis 
edhe me aparature moderne te prodhimit kanadez dhe suedez, ne 
kuadrin e projektit te UNESCO-s. Kjo aparature krijoi mundesine e 
punes se pavarur te studenteve per zhvillimin e puneve laboratorike te 
nivelit bashkekohor. 

Nderrimi i bazes kopiuterike, se toku dhe me softeare standard 
per to, nxorri jashte pune edhe softearen gjeofizike, te hartuar nga 
katedra, mbi bazen e gjuheve dhe te programeve qe nuk i njiohin 
kompiuterat e sotme. Sot kerkohet rindertimi i saj per programet qe 



1620 


njohin kompiuterat aktuale dhe metodikat qe perdor sot gjeofizika per 
perpunimin dhe interpretimin e informacionit gjeofizik. 

Sig eshte e kuptueshme, pas mbi 20 pune, aparatura e 
laboratorit te gjeofizikes eshte e amortizuar moralisht dhe fizikisht. Ajo 
nuk i pergjigjet nivelit te aparaturave qe perdor sot gjeofizika, per fat te 
keq. Kjo kufizon punet laboratorike qe zhvillohen vetem per disa lende 
te specialitetit, te kufizuara kryesisht per demonstrime te dukurive 
gjeofizike te ndryshme. 

Fushat e kerkimit shkencor ne Seksionin e Gjeofizikes per 

periudhen 1961-2005 

Profesoret dhe pedagoget e Seksionit te Gjeofizikes kane 
nderthurur mjaft mire veprimtarine e tyre pedagogjike me ate 
kerkimore shkencore gjate gjithe periudhes 1961-2005. Kjo veprimtari 
eshte kryer ne kaudrin e Programeve Kombetare per Kerkim e Zhvillim 
dhe te emerteses se Keshillit te Ministrave, Programeve shkencore te 
Komunitetit Europian, e realizuar sipas projekteve te drejtuar nga 
profesoret e Seksionit ose duke qene bashkautore ne projekte te 
perbashket me Seksionin e Shkencave Natyrore e Teknike e Akademise 
se Shkencave dhe te institucioneve gjeologjike te tjere te vendit, si 
Sherbimi Gjeologjik Shqiptar dhe Qendra Skencore Kombetare e 
Hidrokarbureve (ish Instituti Gjeologjik e Naftes dhe i Gazit, Fier). 

Veprimtaria shkencore eshte realizuar ne disa drejtime kryesore; 

1. Gjeofizika minerare: Per kerkimin e xeheroreve te bakrit, te 
kromit, te boksideve,etj. drejtuar nga pedagoget efektive dhe te 
jashtem te Seksionit: 

1. Eksperimentimi i zbatimit te metodave te reja gjeofizike ne Shqiperi: 
• Metoda e polarizimit te provokuar (1962 e ne vazhdim) (Lubonja L., 
Frasheri A.) 

•Mikrorilevimet magnetike (1967) (Frasheri A) 

•Prerja reale e IP dhe RD (1978 e ne vazhdim) (Alikaj P) 

•Rritja e thellesise se kerkimeve gjeofizike te mineraleve xeherore (1984 
e ne vazhdim) (Lubonja L., Frasheri A., Avxhiu R., Alikaj P., Bushati S.) 

2. Modelime mathematike e fizike gjeofizike per elektrometrine, 
gravimetrine dhe magnetometrine, si edhe problemi i inversionit 
gjeofizik. Hartimi i algoritmave dhe i programeve standard per 
perpunimin e te dhenave te ketyre metodave me kompiuter, si edhe 
botimi i tyre ne tekstet “Elektrometria” dhe “Gravimetria” (Mesime 
praktike) (Ngal972 e ne vazhdim) (L. Lubonja, A. Frasheri, S. Bushati, 
P. Alikaj, G. Beqiraj, N. Frasheri) 

Studimet e fundit: 
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- Skemat Dipol - dipol dhe pol-dipol per vroj timet elektrometrike ne 
kuadrin e teoremes se reciprocitetit URL ne Internet 

URL ne Internet 

http:/ / www.inima.al/~nfra 

- Disa konsiderata per Inversionin e te dhenave te vrojtimit me 
metoden e Polarizimit te Provoluar. 

3. Zgjerimi i fushes se zbatimit te metodave gjeofizike per 

kerkimin e: 

- kromit, 

- asbestit, 

- boksideve, 

- shkriferimeve te mineraleve te rende, te rralle e te gmuar, 

- Kontrolle gjeofizike gjeoteknike inxhinjerike dhe mjedisore, 

- Kerkime hidrogjeologjike, 

- Zbatimi i metodes se fushes elektrike natyrore per kerkimin e 
drejtperdrejte rezervuareve te naftes dhe te gazit. 

4. Pjesemarrje ne pergjithesime gjeologo-gjeofizike dhe projektime 
per kerkimin e naftes dhe te gazit (1973-1992) (Lubonja L., Nishani P., 
Frasheri A.). 

5. Gjeofizika detare (1974-1990) (Frasheri A., Cani R., Luga Y.): 

• Projektimi dhe ndertimi i stacionit te elektrometrise detare ne 
Uzinen elektromjekesore. Montimi i stacionit ne anije (Frasheri 
A., Canga B.) 

• Sondime dhe profilime elektrike detare 

• Studimi gjeologo-gjeofizik i shelfit shqiptar te Adriatikut. 

6. Studime krahinore gjeofizike (1967 e ne vazhdim). 

6.1. Studime gjeotermale (1989 e ne vazhdim) (Frasheri A., Ligo R., 
Bushati S.) 

Atlasi i Burimeve Gjeotermale ne Shqiperi. 2004. ku jane paraqitur: 

- Hartat e Temperatures se Shqiperise ne thellesine 100; 500; 
1000; 2000; 3000 m. 

- Harta e Gradientit Gjeotermal te Shqiperise. 

- Harta e Dendesise se Fluksit te Nxehtesise te Shqiperise. 

- Harta e Burimeve te Energjise Gjeotermale te Shqiperise. 

Jane parashtruar rruget e perdorimit te energjise gjeotermale ne 
Shqiperi. 

URL ne Internet 

http: / /• www.inima.al/~nfra/ projects/ geothermal / AlbanianGeothermal 
Atlas.pdf , 
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6 . 2 . Studime paleomagnetike (1989-1997) (Frasheri A. Bushati S., 
Alikaj P.) 

6 . 3 . Harta e fushes se gravitacionit dhe asaj magnetike ne 

shkallen 1:200.000 hartimi i te cilave eshte drejtuar nga Prof. Bushati 
S. Dhe realizuar nga Qendra Gjeofizike-Gjeokimike e Sherbimit 
Gjeologjik Shqiptar. 

7 . Studimi gjeofizik i puseve dhe i trysnive mbinormale (Ligo R.). 

8. Gjeofizika Inxinjerike dhe e Mjedisit (Nga 1982 e ne vazhdim), 
(Frasheri A., Nishani P., Alikaj P., Bushati S.). Ne pergjigje te kerkesave 
te kohes dhe te drejtimeve te zhvillimit te gjeofizikes ne dy 
dhjetevjecaret e fundit, eshte punuar suksesshem per krijimin e 
gjeofizikes inxhinjerike dhe mjedisore edhe ne Shqiperi. Per kete eshte 
puniar ne shume fusha: 

- Tomografia in-situ gjeoelektrike dhe sizmike: 

- Kontrolli i digave. 

- Qendrueshmeria e shpateve dhe studimi i rreshqitjeve. 

- Vleresimi iimpakteve mjedisore. 

- Kontrollet e truallit dhe te shkembinjve ne zonat e digave 

- Kerkimi i zonave karstike. 

- Kontrollet e truallit dhe te shkembinjve ne zonat e autostradave, 
tuneleve etj. 

- Vleresimi i cilesise se betoneve gjate punimeve te ndertimit, ne pista 
te aeroporteve etj. 

- Kerkimet e ujerave 

Studimi i vendgrumbullimeve te mbeturinave urbane dhe industriale. 

Rezultatet me te mira te ketyre studimeve jane botuar ne periodikun 
shkencor brenda dhe jashte vendit, si edhe jane referuar me sukses ne 
konferenca e kongrese shkencore ne vend dhe nderkombetare. 

Botimi i teksteve mesimore dhe monografite 

Deri ne vitin 1985, Katedra e Gjeofizkes kompletoi te gjitha 
lendet me tekstet mesimore, te botuara ne periudhen 1971-1885, duke 
u krijuar studenteve kushtet per pervehtesimin e mire te dijeve, si 
edhe per te rritur punen e pavarur, edhe me anen e teksteve per 
mesimet praktike dhe ushtrime: 

Per degen e gjeofizikes 
Gravimetri, pershtatje 
Gravimetri, Ushtrime 
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Magnetometri, pershtatje 
Elektrometria 

Elektrometria, Mesime praktike, ushtrime 

Teoria e valeve 

Sizmika 

Metodat gjeifizike te studimit te puseve 
Radiometria 

Perdorimi I metodave gjeofizike per zgjidhjen e detyrave gjeologjike 
Vetite fizike te mineraleve dhe shkembinjvbe 
Aparaturat gjeofizike 

Disa aparate per vroj timet elektrometrike me rryme te vazhduar 

Per degen e gjeologjise dhe te inxhinjereve te naftes dhe te minierrave 
Metodat gjeofizike te kerkimit: v. 1. Gravimetria 
v. 2. Magnetometria 
v. 3. Elektrometria 
v. 4. Sizmika dhe radiometria 
Metodat gjeofizike te studimit te puseve 
Gjeofizikas ne miniera 

Krahas teksteve mesimore, u botuan edhe monografi per 
problemet te rendesishme te zbatimit te gjeofizikes. 

Monografi te botuara: 

• Karsti dhe metodat gjeofizike te kerkimit. 1985, Shtepia Botuese 
e Universitetit, Tirane. N. Konomi, A. Frasheri, M. Muco, L. Kapllani, S. 
Bushati, L. Dhame. 

• Probleme gjeofizike dhe gjeokimike per kerkimin e kromiteve dhe 
te bakrit. 1993, Shtepia Botuese e Universitetit, Tirane. E. Pumo, A. 
Frasheri, A. Tashko. 

a) Atlasi i burimeve gjeotermale ne Shqiperi. 2004. Botuar nga 
Fakulteti I Gjeologjise dhe i Minierave. Autore A. Frasheri, V. £ermak, Rushan 
L^o, Nazif Kapedani, Fiqiri Bakalli, Burhan Canga, Enkeleida Jareci, Edlir Vokopola, Hilmi 
Halimi, Esat Malasi, Jan Safanda, Milan Kresl, Lenka Kucerova, Peter Stulc. 

• Outlook on the application of geophysical methods for 
exploration of copper and chrome ore in Albania. Tirana, 2006. 
Autor A. Frasheri. Ne Internet. 

Kontigjenti i ketyre teksteve, pergjithesisht eshte mbaruar dhe 
kane mbetur disa ekzemplare vetem ne biblioteka. 

Aktualisht, per fat te keq, studentet e deges se gjeofizikes kane 
ne dispozicion nje literature ne gjuhen shqipe qe nuk i pergjigjet nivelit 
te gjeofizikes dhe te teknologjise se vrojtimeve gjeofizike ne bote. 

Ne biblioteken e Fakultetit dhe ate Kombetare nuk ka asnje liber te ri 
per gjeofiziken, te botuar dhjetevjecarin e fundit. Nuk gjendet as 
periodiku kryesor shkencor i huaj. 
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Pjesa e trete 
PERFUNDIMB 

Per zhvillimin e gjeofizkes ne Shqiperi 

1. Gjeofizika ne Shqiperi eshte zhvilluar me te gjitha metodat e saj dhe 
eshte arritur nje nivel tekniko-shkencor i mire ne fushat e ndryshme te 
zbatimit te saj. Gjeofizika, si pjese e rendesishme e kompleksit 
gjeologo-gjeofizik-gjeokimik, ka dhene kontributin e vet te gmuar per 
kerkimin dhe zbulimin e dhjetra vendburimeve te naftes e gazit, te 
bakrit etj. Keto arritje jane nje haze nisje e shendoshe per te perballuar 
sfidat e te ardhmes, ne kushtet e ekonomise se tregut. 

2. Jane pergatitur 267 inxhinjere gjeofizike dhe jane specializuar me 
kurse nje vjegare pasuniversitare ne gjeofizike dhjetra fizikane, duke 
kualifikuar 45 doktore shkencash. Ky ekip madhor ka realizuar me 
cilesi te larte dhe pergjegjeshmeri detyrat qe shtroi para tyre ekonomia 
shqiptare. Arritjet e tyre jane te mirenjohura edhe ne nivel 
nderkombetar, nepermjet botimeve dhe referimeve. 

3. Aktualisht, kerkimet dhe vrojtimet gjeofizike te naftes e te gazit, te 
bakrit dhe te kromit, si edhe te mineraleve te dobishme te tjera jane 
praktikisht te nderprera. Dhjetra ingjinjere e doktore shkencash kane 
emigruar jashte shtetit. Nderprerja e punimeve dhe studimeve 
gjeofizike konvencionale sjell pasoja jashtezakonisht te renda per 
kerkimet gjeologjike ne te ardhmen: U hiqen ketyre kerkimeve 
metodat dhe teknologjite bashkekohore dhe i kthejne keto 
kerkime ne nivelin e viteve tridhjete te shekullit te kaluar. Me 
nderprerjen e kerkimeve gjeofizike shkaterrohen ekipet dhe humbet nje 
pervoje gjysmeshekullore e tyre, e mirenjohur edhe nga institucione 
prestigjioze te vendeve te perparuara. 

4. Pesembedhjete vitet e fundit perfaqesojne edhe periudhen e zgjerimit 
te fushave te zbatimit te metodave gjeofizike per zgjidhjen e detyrave 
gjeoteknike, ne studime te gjeomjedisit dhe te impakteve mbi te, ne 
studimin e rrezikut gjeologjik, ne vegan ti te rrezikut dhe riskut sizmik, 
per kerkimet hidrogjeologjike, ne studimin dhe vleresimin e energjise 
gjeotermale, etj. 

5. Per zhvillimin e studimeve inxhinjerike dhe mjedisore jane 
shfrytezuar te njejtat metoda dhe teknologji qe jane perdorur edhe per 
kerkimin e mineraleve. Aktualisht, gjeofizika inxhinjerike dhe 
mjedisore (me perj ashtime te vogla kur eshte punuar ne kuadrin e 
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projekteve europiane) punon me teknologjite dhe aparaturat e viteve 
tetedhjete. Ekipet gjeofizike shqiptare nuk kane as kualifikimin e 
nevojshem per metodat bashkekohore, as edhe paisjet dhe aparaturat 
moderne per zgjidhjen e ketyre detyrave te reja gjeologjike, qe shtron 
ekonomia e tregut. 

6. Sot, ne Shqiperi eshte e rendesishme qe, krahas kerkimeve e 
studimeve tradicionale gjeologjike-gjeofizike, drejtimet e reja te zbatimit 
te gjeofizikes ne pajtim me kerkesat e ekonomise se tregut, per 
zgjidhjen e detyrave inxhinjerike dhe mjedisore, duhet te realizohen 
duke perdorur metoda dhe teknologji moderne vrojtimi. Ne te njejten 
kohe, eshte e nevojshme qe te propozohet aplikimi i teknologjive te reja 
per vrojtimet gjeofizike te thellesive te vogla per zgjidhjen e detyrave 
gjeoteknike, te kontrolleve mjedisore, te vleresimit te impakteve 
mjedisore, te planifikimit urban, te kerkimeve te ujit, te kerkimeve 
arkeologjike, etj. sip jane tomografia sizmike e gjeoelektrike, 
gjeoradaret, vrojtimet e rezonances magnetike per kerkimin e ujit, 
mikrorilevimet gravimetrike e magnetometrike. Studimet gjeofizike 
krahinore, edhe te thellesive te medha do te krijojne bazen e te 
dhenave moderne per zbatimin e metodave analitike dhe 
pergjithesuese te reja per te njohur ne thellesi ndertimin gjeoelogjik te 
Albanideve ne thellesi, qe do te lejoje te orientohet me mire vleresimi 
prognoze dhe kerkimi i burimeve minerale, si edhe dinamikes se 
zhvillimit te rrezikut gjeologjik. 


Pe formimin e specialisteve te rinj gjeofizikane 

Re forma ne arsimin e larte ne kuadrin e Protokollit te Bolonjes edhe 
per studentet e gjeofizikes solli ndryshime thelbesore: 

a) Pergatitja e specialisteve u nda ne dy nivele, megjithese te lidhura e 
ne vijim te njera tjetres: diplomen bachelor-it dhe diplomen e masterit 
ne shkence, duke eliminuar ne fakt pergatitjen inxhinjerike dhe 
diplomen e inxhinjerit. Per te patur sukses kjo reforme eshte e 
domosdoshme qe niveli i pergatitjes se studenteve, veganerisht ne tre 
vitet e para, te jete i larte, per te perballuar mesimin e disiplinave ne 
dy vitet e pergatitjes se masterit, kerkimin shkencor, si edhe per te 
kompensuar ne mase te pershtatshme mungesen e te gjitha njohurive 
te nevojshme per inxhinjerin, sidomos ato per te projektuar dhe 
drejtuar teknologjite ne terren. 

b) Plani i ri mesimor i Fakultetit te Gjeologjise per specilitetin e 
Gjeologjise u jep studenteve nje nivel dijesh te lendeve teorike baze me 
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te ngushte sesa per shkencat gjeologjike ne krahasim me universitete 
europiane. 

Arritjet e teknologjive moderne gjeofizike keta dhjete-pesembedhjete 
vitet e fundit ne bote, kane nxjerre jashte pune edhe softwar-in 
gjeofizik, te hartuar nga katedra ne vitet tetedhjete. Sot kerkohet 
rindertimi dhe plotesimi i saj me programet qe njohin kompjuterat 
aktuale dhe metodikat qe perdor gjeofizika per perpunimin dhe 
interpretimin e informacionit gjeofizik. Njekohesisht, shtrohet edhe 
detyra e blerjeve te softeve te specializuar. 

Aparatura e laboratorit te gjeofizikes eshte ne pergjithesi e amortizuar 
moralisht dhe fizikisht. Ajo nuk i pergjigjet nivelit te aparaturave qe perdor 
sot gjeofizika. Kjo kufizon punet laboratorike qe zhvillohen vetem per disa 
lende te specialitetit, te orientuara kryesisht per demonstrime te dukurive 
gjeofizike te ndryshme. Megjithate, duhet thene se kohet e fundit eshte be re 
nje pune e mire ne mirembajtjen dhe riparimin e nje pjese te mire te 
aparaturave si dhe jane shtuar privatisht disa aparatura e programe 
bashkekohore . 

Aktualisht, per fat te keq, studentet e deges se gjeofizikes kane 
ne dispozicion, vetem ne biblioteke, nje literature ne gjuhen shqipe te 
viteve shtatedhjete-tetedhjete, e cila nuk i pergjigjet nivelit te 
gjeofizikes dhe te teknologjise se vrojtimeve gjeofizike te sotme. Ne 
biblioteken e Fakultetit dhe ate Kombetare nuk ka asnje liber te ri per 
gjeofiziken, te botuar dhjetevjegarin e fundit. Nuk gjendet as periodiku 
kryesor shkencor i huaj. Megjithate, privatisht, ne Seksionin e 
Gjeofizikes dhe pjeserisht edhe ne biblioteken e Fakultetit eshte 
siguruar periodiku kryesor nderkombetar (Geophysics, Geophysical 
Prospecting, Leading Edge dhe First Break) dhe disa libra 
bashkekohore. Mbetet problem njohja e gjuhes angleze ne nivele te 
kenaqshem nga ana e studenteve dhe disa pedagogeve. 
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Pjesa e kater 
REKOMANDIMB 

Zhvillimi i gjeofizikes, qe kushtezon edhe kerkesat ndaj pergatitjes se 
specialisteve te rinj, per te perballuar sfidat e te ardhmes ne kushtet e 
ekonomise se tregut, ben te domosdoshme reformimin edhe te 
gjeofizikes ne disa drejtime: 

1. Ngritja e nivelit te kurrikulave dhe mesimdhenies, te bazes 
laboratorike, te teknikes perpunuese e interpretuese, te paisjes se 
studentave me libra te reja ne gjuhen shqip, si dhe rritja e praktikave 
mesimore ne terren per formimin e studenteve te gjeofizikes ne 
perputhje me kerkesat e Protokollit te Bolonjes. 

2. Krijimi i kushteve dhe nxitja per privatizimin e sherbimeve 
gjeofizike: per kerkimin e mineral eve te dobishme, per kerkimin e ujit, 
zgjidhjen e detyrave gjeoteknike ne ndertimin e godinave, te rrugeve, 
studimin e mjedisit, etj; 

3. Organizmi i kerkimit shkencor, qe ti pergjigjet kerkesave per 
eksperimentimin dhe zbatimin e metodave te reja komplekse, si edhe 
zgjerimin e fushave te zbatimit te gjeofizikes, te perqendruar ne 
universitet dhe ne institucione shkencore jashte tij, publike apo 
private; 

4. Paisja e ekipeve gjeofizike me tekniken dhe programet e diteve tona, 
qe te lejojne mundesine e zbatimit te metodave te reja dhe 
permiresimit te teknologjive te atyre ekzistuese, si per vrojtimet ne 
terren ashtu edhe per perpunimin dhe interpretimin e rezultateve te 
vrojtimit; 

5. Pergatija e projekteve ne kuadrin e programeve te ndryshme te 
Komunitetit Europian, veganerisht per fushen e studimeve krahinore 
te Albanideve nen shembullin e projektit europian “Crosta Profonda” 
(CROP), te vleresimit te rreziqeve gjeologjike, ne gjeoteknike, te 
kerkimit te ujerave, te energjive te rinovueshme, etj. 

6. Futja e literatures gjeofizike bashkekohore ne biblioteken e fakultetit 
dhe ngritja e nivelit te mesimit te gjuhe angleze per studentet dhe 
pedagoget e rinj. 

7. Pas eksperimentimit te planit te ri mesimor gjate vitit akademik 
2005-2006 eshte e domosdoshme te behen rregullimet dhe axhustimet 
e nevojshme. 
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8. Qeshtje madhore per strukturen e re akademike, e cila nuk duhet te 
mbese e pa diskutuar dhe ne hije eshte diploma e masterit, me te cilen 
emertohen studentet e afte per veprimtari kerkimore-shkencore, te 
cilet me von duhet te kalojne edhe neper pergatitjen e doktorates se 
shkences. Kjo kerkon qe nga studentet e tre viteve te para te arrihen 
rezultate te mira dhe shume te mira ne pervehtesimin e dijeve. 
Studentet e nivelit 5-7 nuk e kane bazen e njohurive te demshme per 
te ndertuar godinen e kualifikimit per kerkimin shkencor. Diplomimi i 
tyre “Mjeshter ne shkence” eshte ne kundershtim edhe me Rregulloren 
shqiptare per kualifikimin pasuniversitar SHPU, prandaj diplomimi i 
tyre mbetet nje diplome fiktive per ta dhe e demshme per shoqerine. 
Kjo u duhet bere e ditur si studenteve ashtu edhe prinderve, te gjithe 
opinionit shqoperor te vendit. Prandaj duhet diskutuar emertimi i 
diplomes pas pese viteve te studimit universitar. Nje variant i 
mundshem mund te jete: 

- Diploma “ Mjeshter ne shkence” per studentet me mesatare 8 e 

lart, 

- Diploma “Gjeofizik”, “Gjeolog” etj. per studentet me mesatare nen 
tete, si ne shume universitete europiane. 
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c research. 
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., the education process of the engineers of this field 
Sir postgraduate training was realized in the Branch of 
JTOphysics, Section of Geophysics in Department of Earth 
- ^Sciences, Faculty of Geology and Mining, Polytechnic 
University of Tirana. 
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The period of studies comprised 5 academic years for engineers, 
1-2 years for postgraduate qualifications (Master), and 
3 years for doctoral studies. 



The perio 



ological research and, 
ring and environmental studies. 




covering the years 1961-2008 marked the compilation 
and the continuous improvement of curricula in line 


- scientific level and 

- current situation of technological research and 
geophysical studies and exploration. 
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In the Frz 
Branch of 


TO 


ework of Bologna Protocol implementa 
ysics was closed. 


□on 




Under the new curricula: 
- after 

Geoinforrnatic 



oma Bachelor for Georesources and 
3 years of common cycle, 


- r | i' 
OO'ri.r 


ntific Master degree in Geophysics, through 
ft the second year of the second cycle. 


With this curricula, as have been prepared in implementation 
of Bologna Protocol, results level landing of the scientific and 
professional formation of geophysical engineer. 



J 


CONTRIBUTION OF THE FACULTY OF MINING IN THE 
DEVELOPMENT PROCESS OF GEOPHYSICS IN ALBANIA 



Dr. Sc. 45 
Professors 7 


Prof. Ass. 



Masters Research 12 


Geop] 


ignatid surva 
Gravity surva" 
GaoaJaciricajjsj® 
Waves thaory-ssS 
Wave ihaory- s| 
Stratigraphic s 
Engineering 
Jocjcfi 


-r 


ng 


etry 


ismics -t 

ismics-seismology 
eismics 
seismics 

4 
4 


Physics of the Earth 
Data processing and interpretation 
Engineering geophysics 
Environmental geophysics 
Mining Geophysics 
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Analytic Gas 
Special Fis.I 
and sg 
Linsa 


metry + 

ath. Equations + 
ecial functions 


Igebra 

tistics and Probability 
Geostatistics 
Informatics Programing 
Numerical Analyzes 



J 



• Ceocnettifc 

• Strucfcui 

j TnlS!* 


hy & Petrology 
al Geology and Mapping 
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j cs® 


ogy of solid minerals deposits 
'pit and gas geology 
Metallogeny 

Solid Mineral Exploration and Developing Methods 
Reservoir Geology 



Disciplines 3- 5 th years 
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or the Albania 
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DriJlinci 
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szmnriu art 
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iggomics and management of , geological 
gxpforation, mining and oil industry. 

Hydrogeology 

• Engineering Geology 

• Environmental Geology 
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Nr 

Discipline 

Hours 

Nr 

Discipline 

Hours 


Social disciplines 



Geological disciplines 


1 

Sociology 

45 

25 

General geology 

75 

2 

Physical educate 

120 

26 

Paleontology, stratigraphy, historical 
geology 

60 

3 

Foreign language 

240 

27 

Geomorphology and Quaternary 
Geology 

36 


Theoretical base disciplines 


28 

Mineralogy, petrography 

120 

4 

Albegra and analytic geometry 

120 

29 

Structural geology and geotectonic 

111 

5 

Mathematical and numerical analyziz 

330 

30 

Geology of solid de posts and their 
exploration 

120 

6 

Statistics and probabiliy 

75 

31 

Petroleum geology and 

144 

7 

Special equations of the physical 
mathematics 

70 

32 

Hydrogeology and engineering geology 

60 

10 

Informatics 

120 


Geophysical disciplines 


11 

Geostatistics 

48 

33 

Gravty survey 

105 

12 

Physcs 

255 

34 

Magnetic survey 

91 

13 

General and physical chemistry 

120 

35 

Geoelectrical survey 

196 

14 

Signal Processing 

90 

36 

Waves theory, seismic and seismology 

274 


Engineenng disciplines 


37 

Wall bgging 

194 

15 

Geodesy and markshaidery 

75 

18 

Nuclear geophysics and radiometric 
survey 

133 

16 

Descriptive geometry and technical design 


19 

Physic of the Earth 

60 

17 

CAD 

45 

20 

Market economy basis 

60 

18 

Engineering graph cs 

135 

19 

Otional disciplines 

70 

19 

Theoretical and engineenng mechanics 

120 

20 

Problems of the geophysical explorations 


21 

Electrotechnique and applied electron ique 

90 

21 

Problems of the reservoir study 


22 

Geoinform ative systems (GIS) 

60 

22 

Geoeng ineerhg geophysics 


23 

Mining and drilling technologies 


23 

Undeground geophysical survey 





24 

Environmental Geophysics 





25 

Total 

4363 



55 % 


1. Physical Mathematics; 2- Chemistry; 3- Geological; 4- Technical 
disciplines; 5- General technical disciplines; 6- Informatics; 

7- Foreign Language; 8- Geophysical disciplines 
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Teaching Curricula Teaching Curricula 
1961-1964 1967-1988 


1 

2 

3 

4 

5 


G EO PHYSICS 



Years 





Ill U, 



Teaching Curricula Teaching Curricula 


1992-1996 2002-2005 




1 

2 

3 

4 

5 


Years 


(Option) 








DISCIPLINES: It Theoretical; 2. Engineering; 3. Geological; 

4. Geophysical; 5. Social 




BACHELORDIPLOMAORGANIZATIONIi 



SCIENTIFIC-MASTER-DIPLOMA-ORGANIZATION 





















B AC H Et6«K2) IPLOMAH 


GEOLOGICAL-ENGINEERING!! 


1 -YEARn 

Disciplinesa 

ECTSa 

Hoursn 

la 

0)m§t!Yl + 2 n 

8n 

102a 

2 a 


8o 

102a 

3° 

Xgdmal<Jesign+CADa 

4o 

43° 

4a 

(Sssraalic 0 

4.5o 

54a 

5a 

HtJYSiCS.1 + 2“ 

9n 

114a 

6a 

fieaeialfiefilmy Q 

3.5n 

48,5a 

7a 

Statistics 10 

5n 

63° 

8a 

Jofeamfc§. n 

5n 

63a 

9a 

PaJmnMQfly-bJ.stoiicalfimlQfly 0 

5o 

77,5a 

10a 

OMstaiogcai^ 

3a 

34,5a 

11a 

EflieigLapm^e 0 

5b 

66a 

Totaln 

n 

60n 

768n 

II-YEARd 

a 

a 

a 

12a 

EaJsmlolQgy-tiJsMca!<3e.oiQfly n 

5.5o 

70a 

13a 

QtMMnmal9fly a 

4.5b 

74a 

14a 

sysi^JXi^tLQS, + fyi.^tho,^.§ ° 

6.5n 

22a 

15° 

EgMfigx-+ Maamafc RgtBMafi)iY a 

8.5b 

155,5a 

16a 

SgiMrasotaiyaad^n^^ 

5n 

82,5a 

17a 

Mechanic-*- Resistanceof the materialsa 

4.5n 

58a 

18a 

SgdioMMafly^warine sggjggya 

7.5n 

103,5a 

19a 

StMiaaRliY” 

4.5n 

73,5a 

20a 

Qs9\m&^Mwmm a 

6.5n 

113a 

21a 


7a 

103a 

Totaln 

a 

a 

D 

!!!- YEARn 

a 

a 

a 

22a 

Mechanicofmedium-continuea 

4a 

52a 

23a 

Geochemistrybasis + environmental 
geochemistry 0 

7a 

90a 

24a 

AMiedGgggb,«si£S° 

10a 

152a 

25a 

X§.Qbl.QDiQ° 

5a 

64a 

26a 

H.vdrQ.ge.Q.l.Qg.v 1 

4a 

52a 

27a 

Sedimentary Basins-*- Hydrocarbon reservoirsa 

4b 

52a 

28a 

MsMid toaate, ££eo)migaJ.MiagiaJs a 

6n 

82,5a 

29a 


6n 

78a 

30a 

Rocks and Soil Mechanicsa 

3n 

38a 

31a 

Drilling andMining fig.Qte.Qh.00l.QflY. a 

6n 

78a 

32a 

DIPLOMAa 

5n 

0a 

33a 

GiSandihemaimajMOfl 13 

6a 

78a 

34a 

Environmental Geochemistry and 
hydrochemistrya 

4b 

52a 

Totals 

a 

60n 

739n 

D 

D 

a 

a 

a 

TOTAL for BACHELOR DIPLOMAH 
GEOLOGICAL-ENGINEERINGS 

180.00n 

2321.0n 




55 % 

1. Physical-Mathematics-Physics; 2- Chemistry; 3- Geology; 4- Technial 
disciplines of the speciality; 5- General technical disciplines; 

6- Informatics; 7- Foreign Language; Geophysics 





SCIENTIFIC- MASTER- DIPLOMAT! 
GEOL OGICA L ENGINEERING^ 
Specialityi-GEOPHYSICALENGINEERINGTI 

. I . ^ 


Nr.° 

DISCIPLINE* 

ETCa 

HOURSa 

I-YEARq 

O 

a 

a 

la 

£lfifilGBfeCfaOi£&ElfifilEBQIi£ 

4a 

48a 

2° 

XsRaatact)y& gis° 

4a 

54,5a 

3 a 

Addendum in tnatemfc a 

11a 

121a 

4a 

EsftMttfe” 

11a 

140,5a 

5« 

03Stb,Q.d a 

13a 

172a 

6 a 

Theoryof yaw.e:s scattering & seismologya 

10a 

108,5a 

7a 

Seismicof reflected and refracted y&w££ l a 

7* 

96a 

Totals 

a 

60a 

644, 5n 

ll-YEARo 

a 

a 

a 

8« 

Seismicof reflected and refracted yaw^S 2a 

7a 

96* 

9a 

Nuclear physics and radiometrya 

7a 

80,5a 

10a 

WsUlsgflioa a 

10a 

98,5a 

11a 

Digital processing and stetoacbic seismic ' 

10a 

108,5a 

12a 

Geologyof natural reservoirsa 

5* 

54a 

13a 

Optional discipline:!! 

Geophysicsof natural resources!! 
* Engineering and Environmental- 

Geophysics oa 

6° 

62,5a 

Totaln 

a 

50b 

311b 

n 

a 

a 

a 

n 

TOTAL -forScientific-Masteron* 
Geophysicsn 

110b 

955, 5n 
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COM P. 


ARISON OF CURRICULA 
TH SCIENCES BACHELOR DIPLO 




DISCIPLINES: 1- Theoretical; 2- Engineering; 3- Nature; 

4- Geological; 5- Geophysical; 6- Social; 

7- Indipentent work; 8-Stage; 9- Diploma 



oo cn 




DISCIPLINES: 1. THEORETICAL; 2. ENGINEERING; 3. GEOLOGICAL 

4. GEOPHYSICAL; 5. SOCIAL 




Teaching togs 


1, Lectures- 


• s 



lessons: 


- — 


ratory, 
minars, 

solutions of exercises and project courses, 
. |§0) the field. 

3) Project diploma. 











nd Magnetic Network of Albania 




jJomji 


I Magnetic Field and other 


c 



onents of Albania (1997-) 


Performed by Geophysical Center of 
Geological Survey of Albania. Scientific Leader: 
Academic Professor Dr. Salvatore Bushati. 
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BBtemperature Map of Albania at 100; 

mm 

500; 1000; 2000; 3000 m depth. 

- Geothermal Gradient Map of Albania. 

- Heat Flow Density Map of Albania. 

- Geothermal Resources Map of Albania. 
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Physical and Mathematical Modeling, inversion^ 973-) 


For the exploration of copper and chrome ores. 








(Lubonja L., Frasheri A., Avxhiu R., Alikaj P., Bushati S. ) 
(I960-) 


2 , Extension 



the search 




- chrome, 
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- placer of heavy, rare and precious minerals, 

- Geotechnical and environmental engineering investigation, 

- Hydrogeological exploration, 

- Application of Self-potential method for direct exploration of oil 
and gas reservoirs 
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- Some considerations 
on IP data inversion. 
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lability and landslide investigation, 
ental impact evaluation, 
d and rocks investigation in the dam area, 
ic zones investigation. 

- Soil and rocks investigation in the construction area, 

highways, tunnels etc. 

- Evaluation of the quality of the concrete during the 

construction of the works, in the airports runways 
etc. 

- Landfill investigation 





Concrete Dam- Seismic investigation 


SttSiHC TOMOGRAPHY RESULTS 
ULZA CONCRETE DAM 

. 1990 


Vp (m/s) 


Vs (m/s) 
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PRERJE REALE E REZISTENCES ELEKTRIKE SPECIFIKE TE DUKSHME 
1 670 DHE E SHPEJTESIVE Vp dhe Vs E VALEVE TE DIFRAGUARA 
HIDROCENTRALI I VAUT TE DEJES 
DIGA ME MATERIAL VENDI 

Tirane, 1998 
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Reper topografik 


Deluvion, pjesa e siperme e trupit rreshqites, rez. spec. 60-400 Ohmm, 
Vp=140-170 m/sek, Vs=160 m/sek 

Serpentinite te alteruara te trupit rreshqites, rez. spec. 10-40 Ohmm, 
Vp=540-1 900 m/sek, Vs=230-170 m/sek 

Serpentinite te alteruara te trupit rreshqites, rez. spec. 60-150 Ohmm, 
Vp=2750 m/sek, Vs=600 m/sek 

Serpentinite, shkembinj rrenjesore, rez. spec. 180-970 Ohmm, 

Vp=1 750-3700 m/sek, Vs=970 m/sek 
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RRESHQITJA E RAGAMIT 
LIQENI I VAUT TE DEJES 
Gusht, 1996 
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PROFIL S I ZMIKO- INXHNERIK 
RRESHQITJA E PORAVES 
Dhjetor, 1996 
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RESISTIVITY "REAL SECTION" IN GROUNDWATER EXPLORATION 

Region: Site - 2, Albania 
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iFiBITY TEXT £5 DC 

19 books for Brar 
5 monographs- ' 

University Publishing j-Jou 

Geophysical Branch 

• Gravity Surveys, Exercises 

j Magnetic Surveys, adoption 

- Electrical Exploration 

• Electrical Exploration, Exercises 
j Waves Theory 

- Seismics 

j Well logging 

- Radlometry 

j Geophysical method application 
Physical properties of the mi 

- Geophysical Equipment 
i Someequipmen ' 



Engineers , Mining Engineers 
Tos: v. 1. Gravity 
v. 2. Magnetics 
v. 3. Geoelectrical Methods 
v. 4. Seismics and Radiometry 
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GaophysloaJ JVJainods for soJvInp of ina JVJ j r j j rj cj Prublussiu 


Published Monographs: 

• Karst and geophysical methods for investigation, 
University Publishing House, Tirana, 1985. 




Geophysical and Geochemical Problems for coppar and 
chromites exploration, Urjivaron y Publishing Plousa, 
Tirana, 1993. 


\ j Mias of GeotheirrnaJ Pasonrcas ]n Albania, PnbJIsnad by 
PacnJiy Of GaoJogy and Joining, 200-b 


J GaofnarrnaJ Pnargy iTasonroas in AJbanla and plaffor/n for 
isiBir usa, PnbJIsnad by PacnJiy of GaoJogy and Alining, 
Tirana 2i)'J 0. 
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CURRICULUM VITA 1 ! 79 


Emri 
Mbiemri 

Emri babait 
Nena 

Date lindja 
Vendi i lindjes 
Bashkeshortja 
Femijet: 

Vend banimi 

Internet site www.Yahoo.com. and Google: www.”Alfred Frasheri” 

Tel: (04) 222 5160 
Mob: 06823 80260 
E-mail: Alfred.frasheri@yahoo.com 

1. Arsimi Universitar : Inxhiner gjeolog (specializuar ne gjeofizike ne vitin 1961 ne degen e 
Gjeologjise te Fakultetit te Inxhinerise ne Universitetin e Tiranes). 

2. Arsimi Pasuniversitar : 

1) Kandidat i Shkencave, 1974, me temen "Vetite fizike te kromshpineliteve 
dhe te shkembinjve ultrabazike te masivit te Tropojes, ne lidhje me anomalite e 
pritshme gjeofizike", Vendim Nr. 20, date 15/02/1975. 

2) Doktor i shkencave, 1988, me tezen "Studimi i perhapjes se fiishes elektrike 
ne mjedise elektrike heterogjene", Vendimi Nr 178, date 09/07/1988 

3) Kurse pasuniversitare 2 muaj Trajtim Sinali ne vitin 1984 ne Universitetin 
Po et Pays d’ Adour, France. 

4) Marrje dhe Shkembim Pervoje ne Universitete dhe ne institucione 
shkencore jashte shtetit: 

Vizita studimore (2-4 javore) 

1992: University of Study of Bari, Italy, University of Study of Milan, Italy, Institute of 
Geology and Mineral Exploration of Athens, Greece, Geophysical Institute of Acad. Of 
Science, Prague, ELGI, Budapest, Hungary, University of Budapest, Hungary. 

1993 Geophysical Institute of Acad. Of Science, Prague. 

1993-1996 University of Leeds, UK, University of Thessaloniki, Geophysical Institute of 
Acad. Of Science, Prague.University of Thessaloniki, University of Study of Milan, Italy, 
Geophysical Institute of Geophysics, Academy of Sciences, Prague. 

a) Imperial College, Royal School of Mines, London, UK, Institute of Geology 
and Mineral exploration of Athens, Greece, University of Ulster at Coleraine, 
Environmental School, UK, University of Thessaloniki. 


Alfred 

FRASHERI 

Irfan 
Zejnepe 
20 prill 1935 
Kor^e 

Marika, Inxhiniere Mekanike 
Ermali, Jurist, PhD shkenave juridike. 
Edita, Pedagoe e italishtes, M.Sc. 

Rruga Durresit, Pall.7, Shk.l, Ap.6, Tirane 
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b) PDAC’1997 Annual International Convention&Trade Show, March 9- 
12,1997 , Toronto, Canada and QUANTEC. IP, Inc. March 12-25,1997, 
Downwater, Canada. 

1998. Lektor i ftuar ne Summer School: Geothermal Days, Oregon Institute of Technology, 

Klamath Falls. 

1999. Lektor i ftuar ne Summer School: Geothermal days, Ohrid, Macedonia. 

2000. 2001 Lektor i ftuar ne Post-graduate Summer School of QUANTECGEOSCIENCE 

Inc. Toronto, Canada, Korrik-Gusht 2000 dhe Gusht-shtator 2001. 

c) Pergatitja e Planit Mesimor te Shkolles 

d) Pergatitja e Programit te lendes “Bazat teorike te gjeofizikes se zbatuar” 

e) Leksionet e lendes “Bazat teorike te gjeofizikes se zbatuar” 

2004. Lektor i ftuar ne Summer School: Geothermal days, Zakopanie, Poloni. 

Tituj Shkencore : Pedagog 1961. 

Pedagogipare 1968. 

Docent 1981, vendimNr 40, date 30/06/1981 
Profesor 1989, vendim Nr 210 date 27/12/1989 

Gjuhe te huaja : Frengjisht (provimi date 17/05/1983). 

Rusisht (provimi date 17/12/1964). 

Italisht 

Anglisht 

Curriculum Profesional : 

Dhjetor 1998, e ne vazhdim, pension, Profesor i jashtem ne Seksionin e 
Gjeofizikes, Departamentin e Shkencave te Tokes. 

2002- ne vazhdim- Expert of European DataBank Sustainable Development 

(EUDB) 

1989-1998 Profesor ne Seksionin e Gjeofizikes, Departamentin e Shkencave te Tokes. 

1993- 1994 Drejtor i Departamentit te Gjeologjise 

1994- 1996 Drejtor i Departamentit te Shkencave te Tokes 
1992- 1993 Pergjegjes i Katedres se Gjeofizikes. 

1981-1989 Docent ne Katedren e Gjeofizikes 

1962-1981 pedagog ne Katedren e Vend Burimeve te mineraleve te dobishme dhe ne 
katedren e Gjeofizikes. 

Qershor 1961 - Nentor 1962 Drejtues teknik i ekspedites gjeofizike ne Ndermarjen 
Gjeologo Topografike Tirane. 

Shkurt-Qershor 1961 Inxhiner interpretator ne Ekspediten sizmike te Ndermaijes 
Nafte Gaz - Bitumit ne Vlore. 

Shtator 1956-Shkurt 1961, Student, Dega |Gjeologjike, Instituti Politeknik dhe ne 
Shtator 1957 ne Fakultetin e Inxhinjerise, Universiteti i Tiranes 

Shtator 1956-Gusht 1956, Teknik ne Baza e Karotazhit, Ndermarrja e Shpim 
Kerkimeve, Patos 
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DREJTIMET E VEPR1MT ARISE PEDAlffi&JIKE NE PERIUDHEN 1961 - 2008 

1) Profesor i lendeve “Fizika e Tokes” (2002 e ne vazhdim), lendet me zgjedhje “Gjeotermia” 

dhe “Gjeofizika inxhinjerike dhe mjedisore” (2005- e ne vazhdim) qe zhvillohen ne 
vitin e 5-te te deges se gjeofizikes, dhe se bashku me Prof. Vangjel Melo per lenden 
“Gjeodinamika” (2003 e ne vazhdim) me studentet e vitit te 4-te te deges se 
gjeologjise. 

2) . Profesor i lendeve "Elektrometria" qe zhvillohet ne vitet e 3-te dhe te 4-te te deges se 

gjeofizikes se lendes "Gjeofizika" qe zhvillohet ne vitin e 4-te te deges se 
Gjeologjise se Mineraleve te ngurte, per vitet 1973- 2002 dhe 1992-1998, 
perkatesisht. 

3) Profesor i lendes "Gjeofizika ne miniera”, qe zhvillohet ne vitin e 5-te te deges se minierave 

per vitet 1990-1992. 

4) . Pedagog i lendes "Studimi Gjeofizik i Puseve" per vitet 1961 - 1972, qe zhvillohet ne degen 

e gjeofizikes dhe ne ato te naftes. 

5) . Kam zhvilluar kater cikle 2-3 leksionesh ne Departamentin e Shkencave te Tokes ne 

Universitetin e Milanos (1991, 1993 dhe 1995), ne Departamentin e Gjeologjise dhe 
te Gjeofizikes ne Universitetin e Barit * ne 1992), ne Departamentin e Gjeologjise 
se Univesitetit te Leeds ne Angli(1994), ne Departamentin e Gjeologjise se 
Universitetit te Selanikut ( 1995), ne Departamentin e Gjeologjise dhe te Gjeofizikes 
ne Shkollen e Minierave te Kolegjit Imperial te Londres (1996), ne PD AC 1997 
Annual International Convention&Trade Show Toronto, Kanada ( Mars 1997). 

6) Kam zhvilluar cikel te plote leksionesh ne Shkollen pasuniversitare 

QUANTECGEOSCIENCE Summer School, Toronto, Canada, Korrik-Gusht 2000 
dhe ne Gusht-Shtator 2001.. 

7) . Kam punuar per hartimin e planeve mesimore te deges se gjeofizikes qe prej celjes se saj ne 

1961 dhe deri me sot. Kam deijtuar hartimin e planit te ri mesimor te orjentimit 
gjeofizik ne vitin 1993. Kam marre pjese ne hartimin e planeve mesimore te deges 
se gjeologjise dhe ne vitin 1993 kam drejtuar hartimin e planit te ri mesimor te kesaj 
dege (1993). Kam marre pjese ne hartimin e planit mesimor per Diplomen e Nivelit 
-te dyte (Viti 4+5), si edhe te Diplomes Master te Nivelit I-re dhe Master i Nivelit te 
Il-te, specialiteti gjeofizik, ne zbatim te Protokollit te Bolonjes (2007). 

8) Kam punuar per hartimin e programit te Shkolles Pas Universitare (ShPU) ne vitin 1995. 

9) . Kam hartuar programin e lendeve te specialitetit gjeofizik per: 

studimet Universitare - Studimi gjeofizik i puseve 1961 - 1972. Elektrometria 
1972- 1993. Metodat gjeofizike te kerkimit 1973 - 1993. Interpretimi gjeofizik i 
rezultateve te studimeve gjeofizike 1965 - 1979. Gjeofizika ne miniera 1990 - 
1993, Fizika e Tokes 1994-1998. 

Studimet Pasuniversitare Elektrometria. Metoda e polarizimit te provokuar. 

Metodat gjeofizike te kerkimit te V.B. te mineraleve te dobishme te ngurta. 
Metodat gjeofizike per kerkimin e V.B. te naftes dhe te gazit. Magnetometria. 
Studimi i fushave fizike potenciale te Tokes, Gjeodinamika 

10) . Kualifikimi Pasuniversitar : - Udheheqje disertantesh per Kandidat dhe Doktor 

Shkencash. 

.11) Kurse afatshkurtra me inxhiniere gjeologe-gjeofizike . 
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a) Per matematizimin e perpunimit dhe interpretimit te informacionit gjeofizik. 

b) Per zbatimin e metodave gjeofizike per studime krahinore dhe per kerkimin e 
vendburimeve te mineraleve te dobishme. 

- Kam marre pjese ose kam drejtuar komisione per provime pasuniversitare, juri 
per mbrojtje dizertacionesh te kandidateve dhe te doktoreve te shkencave, antar i 
Komisionit te Larte te Atestimit. 

12) Post-graduate Technological Training School of QUANTECGEOSCIENCE Inc. Toronto, 

Canada, Korrik-Gusht 2000, Gushat-Shtator 2001. 

f) Hartimi i Planit mesimor te Shkolles 

g) Hartimi i Programit mesimor per Lenden “Bazat teorike te gjefizikes se 
aplikuar” 

h) Leximi i leksoneve te lendes “Bazat teorike te gjefizikes se aplikuar” 

13) Lektor i ftuar ne Summer School: Geothermal Days, Oregon Institute of Technology, 

Klamath Falls, (1998); 

14) Lektor i ftuar ne Summer School: Geothermal days, Ohrid, Macedonia (1999) 

15) Lektor i ftuar ne Summer School: Geothermal days, Zakopanie, Poloni (2004) 

16) Lektor i ftuar ne Summer School: international Summer School of Geothermal Exploration- 
prospecting-reservoir engineering- monitoring, 28 may - 1 1 June 2006 Izmir/Turkey 

(2006) 


DREJTIME TE REJA TE VEPR1MT ARISE SHKENCORE 
NE PERIUDHEN 1961-2015 


- Lenda “Gjeotermia” ne degen e Gjeofizikes (2005 e ne vazhdim) 

- Lenda “Fizika e Tokes” ne degen e Gjeofizikes (2002 e ne vazhdim) 

- Studime te gjeofizikes inxhinjerike dhe mjedisit (1982 e ne vazhdim) 

- Eksperimentimi dhe aplikimi i metodave te reja gjeofizike si metoda e polarizimit te provokuar 

(1962), mikrorilevimi magnetik (1967) etj per kerkimin e bakrit dhe te kromit. 

Rritja e thellesise se kerkimeve gjeofizike te vendburimeve te mineraleve te ngurta. 
Projektimi dhe ndertimi i aparatures elektrometrike detare 1980. Eksperimentimi 
dhe zbatimi i studimeve elektrometrike dhe magnetometrike ne shelfin detar te 
Adriatikut (1976 - 1992). 

- Zgjerimi i fushes se aplikimit te metodave gjeofizike per kerkimin e kromit, bakrit, asbestit, 

boksideve, te shkriferimeve te mineraleve te renda, te rralla e te cmuara, ne studimin 
gjeologo - inxhinerik, studimet e zonave karstike, ne hidrogjeologji dhe ne miniera; 
zbatimi i metodes se fushes elektrike natyrore per kerkimin e drejteperdrejte te 
shtratimeve te naftes e gazit. 

- Studime gjeofizike krahinore ne stere dhe ne shelfin detar te Adriatikut (1962-1995 ne stere 

dhe 1976-1992 ne shelfin detar). 

- Zbatimi i metodave matematikore ne perpunimin dhe interpretimin e informacionit gjeofizik ne 

Komputer. Ndertimi i algoritmeve dhe hartimi i programeve per kete qellim (1974- 
e ne vazhdim). 

- Studime gjeotermike si edhe te burimeve te energjise gjeotermike ne Shqiperi (1989 e ne 

vazhdim). Bashkautor i Atlasit Gjeotermik te Europes dhe i Atlasit te Burimeve 
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Gjeotermale te Europes. 

- Kontrolli in-situ i gjendjes se veprave hidroteknike ekzistuese dhe i atyre ne ndertim (1995 e ne 

vazhdim). 

- Modelime mathematikore gjeoelektrike (1984 e ne vazhdim) 


ANETAR I FORUMEVE SHKENCORE 


2006. Ekspert i Programit Balwois (Water Observation and Information System for Balkan 
Countries) (www.Balwois). 

2000- 2004: Anetar i Kryesise se Bashkimit Shqiptar te Gjeoshkencetareve dhe Inxhinjereve, 
1998-1999 kryetar. 

1989 - Anetar i Shoqates se Gjeologeve te Shqiperise. 

1992- e ne vazhdim: Anetar i Shoqates se Gjeofizikeve te Shqiperise, 1992-1998 kryetar. 

1991 - Anetar Nderi i European Association of Geoscientists and Engineers (EAEG). 

1994 - Anetar i Shoqates se Kerkuesve Gjeofizike te Amerikes (SEG) 

1993 - Anetar Nderi i Shoqates se Gjeofizikeve te Ballkanit. 

1995- Anetar i International Geothermal Association. 

1993- 1997- Anetar i Komisionit Kualifikimit Shkencor, prane Keshillit te Ministrave te R.SH. 
1992- 1996 - Anetar i Keshillit Shkencor te Universitetit Politeknik. 

1989- 1996 - Anetar i Keshillit Shkencor te Fakultetit te Gjeologjise e Minierave. 

1992- 1995 - Anetar i Bordit Drejtuse te Projektit TEMPUS per Shqiperine. 

1989- 1993 - Anetar i Komisionit te larte te Atestimit prane Keshillit te Ministrave. 

1991- 1992.- Anetar i Komitetit te Shkencave dhe Teknologjise. 

1987- 1993.- Anetar i Komisionit te Posacem te Mbrojtjes se Disertacioneve ne fushen e 
gjeologjise. 

1989 - 1991. Anetar i Keshillit Shkencor te Universitetit te Tiranes 

1983 - 1991. Anetar i Seksionit te Gjeologjise ne Komitetin e Shkencave dhe Teknikes se 
Republikes se Shqiperise. 

1973 - 1983. Anetar i Seksionit te Gjeologjise ne Akademine e Shkencave te Republikes se 
Shqiperise. 

1987 - 1991. Anetar i Keshillit Konsultativ Shkencor te Naftes dhe Gazit ne Ministrine e 
Burimeve Minerare dhe Energjitike. 

1975 - 1987. Anetar i Keshillit Shkencor te Institutit gjeologjise se Naftes dhe Gazit ne Fier. 

UDHEHEQJE TE DISERTACIONEVE DHE TE STUDENTEVE 

DIPLOMANTE 


- Udheheqje te DISERTACIONEVE 

1. Radium Avxhiu - 1979 - Ndermarja Gjeofizike e Tiranes. 

2. Rushan Lico - 1980- Katedra e Gjeofizikes. 

3. BejoDuka- 1981 Katedra e Fizikes 

4. Pertef Nishani 1985 - Katedra e Gjeofizikes 
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5. Ludvig Kapllani 1986 

6. Yasillaq Leci -1988 

7. Perparim Alikaj 1989 

8. Vladimir Veizaj 1996 


Ndermarja^fjeologji Gjeodezi Tirane 
Ekspedita Gjeologo-Gjeofizike Detare Durres 
Katerda e Gjeofizikes 
Instituti i Naftes dhe i Gazit 


- Udheheqje te STUDENTEVE DIPLOMANTE 

Nga viti 1963 deri 2008 jane dhjetra studente diplomante te specialitetit gjeofizik qe kam 
drejtuar per pergatitjen e Projekt Diplomave. 

LISTA E PUNIMEVE SHKENCQRE DHE BQTIMEVE 

I. MONOGRAFI TE BOTUARA 


1. R. Eftimi, A. Frasheri, 2016. Ujerat termale dhe minerals te Shqiperise. Shtepia Botuese e 

Librit Shkollor e Re, Shtypur ne PRINT AL, Tirana, 2016. 

2. Frasheri A., etj. 2013. Atlasi gjeotermal i Shqiperise dhe platforme e shfrytezimit te 

nxehtesisv se Tokes. Botim i Akademise sv Shkencave e Shqiperise dhe Fakultetit te 
Gjeologjise dhe Minierave. Shtypshkronja Kristalina KH, Tirane. 

3. Frasheri A., Kodhelaj N., 2010. Burimet e energjise gjeotermale ne Shqiperi dhe platforme 

per shfrytezimin e saj. Botim i Fakultetit te Gjeologjise dhe te Minierave, 
Universiteti Politeknik i Tiranes, Shtypshkronja KLEAN, Tirane. 

4. Frasheri A., Fondo A., A.Shtjefni, Qela B., Kodhelaj N., Pano N., Alushaj R., Bushati S., 

Thodhorjani S., 2008. Sistemet gjeotermale te ngrohjes dhe freskimit te godinave. 
Monografi, Universiteti Politeknik i Tiranes. 

5. A. Frasheri, Beqiraj G., Frasheri N. 2008. A review on application of geophysical methods for 

exploration of copper and chrome ores in Albania. (In English), Publ. Academy of 
Sciences, Tirana. 

6. A. Frasheri, V. £ermak, Rushan Li 90 , Nazif Kapedani, Fiqiri Bakalli, Burhan £anga, 

Enkeleida Jareci, Edlir Vokopola, Hilmi Halimi, Esat Malasi, Jan Safanda, Milan 
Kresl, Lenka Kucerova, Peter Stulc, 2004. " Atlasi i Burimeve Gjeotermale ne 
Shqiperi”, Botuar nga Fakulteti i Gjeologjise dhe i Minierave dhe Akademia e 
Shkencave. 

7 . Frasheri A. 2000. Geothermal energy in Europe, State of the Art and necessary actions and 

measures to accelerate the development.- Albania. IGA & EGEO Questionaire 2000. 

8. A. Frasheri, V. £ermak, Rushan Li 90 , Nazif Kapedani, Fiqiri Bakalli, Burhan Qanga, 

Enkeleida Jareci, Edlir Vokopola, Hilmi Halimi, Esat Malasi, Jan Safanda, Milan Kresl, 
Lenka Kucerova, Peter Stulc, 1995. Geothermal resources of Albania. Botuar ne " Atlas 
of Geothermal Resouces in Europe". European Commission, Hanover 2002. 

9. E. Pumo, A. Frasheri, A. Tashko. 1993 "Probleme te kerkimeve gjeofizike-gjeokimike te 

V.B. te bakrit dhe te kromit ne Shqiperi". Shtepia Botuese e Librit Universitar, 83 (104) 
faqe 

10. Frasheri A. etj. 1992. Greothermal resources of Albania. Botuar ne Geothermal Atlas of 

Europe, ( in English), Germany, International Heat Flow Commission, 1992. 

11. N. Konomi, A. Frasheri, M. Muco, L. Kapllani, S. Bushati, L. Dhami 1985 "Karsti dhe 
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studimi i tij me metoda gjeofizike '. Botim i UT, (bashkeautor) 105 (203)* faqe. 

12. A. Frasheri, 1974 "Vetite fizike te kromshpineliteve dhe te shkembinjve ultrabazike te 
masivit te Tropojes lidhur me anomalite e pritshme gjeofizike". Disertacion per 
kerkimin e grades "Kandidat i Shkencave" 173 faqe, botuar me shkurtime 44 faqe 
ne Vjetarin e Fakultetit te Gjeologjise dhe Minierave. Permbledhje Studimesh, 
Tirane 1976. 


II. MONOGRAFI TE PABOTUARA 

1. Frasheri A., Bushati S., Nishani P., Silo V., 2008. Slope stability evaluation and landslide 

investigation and monitoring using geophysical data. A Monograph, Academy of 
Sciences of Albania 

2. Frasheri A., Nishani P., Kapllani L, Hoxha P., Canga B., Xinxo E., Dima F., Xhemalaj 

Xh., 1998. Studim mbi gjendjen fiziko-mekanike te veprave hidroteknike dhe te 
mjedisit gjeologjik perreth. Tirane. 

3. Frasheri A., £ermak V., Kapedani N., Li 9 o R., Canga B., Jareci E., Kresl M., Safanda J., 

Kucerova L., Shtulc P. 1995. Atlasi Gjeotermal i Shqiperise. 

4. Frasheri A., Qermak V., Kapedani N., Li 90 R., £anga B., Jareci E., Kresl M., Qano D.., 

Kucerova L., Shtulc P. 1994. Geothermal Atlas of External Albanides. 

5. A. Frasheri 1987 "Studimi i perhapjes se fushes elektrike ne njedise gjeologjike heterogjene 

dhe efektiviteti i elektrometrise detare ne studimin e struktures Durres-Kepi i 
Palles". Disertacion per kerkimin e grades "Doktor i Shkencave". 

6. Frasheri A., Qermak V., Kapedani N., Li 9 o R., Canga B., Jareci E., Kresl M., Safanda J., 

Kucerova L., Shtulc P., 1995. Geothermal Atlas of Albania. 

7. Frasheri A., Cermak V., Li 9 o R., Kapedani N., Bakalli F., Halimi H., Vokopola E., Malasi 

E. Qanga B., Jareci E., Safanda J., Kresl M., Kucerova L., Stulc P. 1996. 
Geothermal resources of Albania. Atlas of Geothermal Resources in Europe, ( in 
English), European Commission. 

8. Frasheri A., Nishani P., Kapllani L, Hoxha P., Canga B., Xinxo E., Dima F., Xhemalaj 

Xh., 1998. Study of the physical-mechanical status of hydrotechnical 
constructions and surrounding geological medium. 

9. Frasheri A., 2000. Geothermal energy in Europe, State of the Art and necessary actions and 

measures to accelerate the development.- Albania. IGA & EGEO Questionaire 

2000. 


III. LIBRA TE NDRYSHEM 
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VI. STUDIME 

A. TE EMERTESES SE KESHIULIT TE MINISTRAVE 
DHE TE PROGRAMIT KOMBETAR PER KERKIM DHE ZHVILLIM: 

GJEOLOGJIA 


1 1978 "Studim mbi rezultatet e vrojtimeve eksperimentale te fashes elektrometrike ne V.B. e 
naftes Ballsh". Fondi i Institutit Gjeologjik Fier, (bashkeautor drejtues studimi). 
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2. 1978 ' 

3. 1979 

4. 1981 ’ 

5. 1981 

6. 1981 

7. 1981 1 

8. 1981 ' 

9. 1981 ' 

10. 1982 

11. 1982 

12. 1982 

13. 1982 

14. 1984 

15. 1985 
16. 1986 


'Studim mbi ndertimin e kurbave teorike te sondimeve vertikale elektrike ne stere dhe 
det me anen e makinave elektronike llogaritese". Fondi i fakultetit Gjeologji dhe 
Miniera, (bashkeautor - drejtues studimi) 

"Pergjithesimi i te dhenave te vrojtimeve eksperimentale gjeokimike e gjeofizike ne 
V.B. e Ballshit, per kerkimin e drejteperdrejte te shtratimeve te naftes e te gazit". 
Fondi i Institutit Gjeologjik te Naftes Fier. (bashkeautor - drejtues studimeve 
gjeoelektrike). 

'Ndertimi gjeologo-gjeofizik i rajonit te Dumrese e perreth dhe projektimi i punimeve 
te kerkimit". Fondi i Institutit Gjeologjik te Naftes Fier, (bashkeautor - drejtues 
studimeve gjeoelektrike) 

"Studimi gjeologo-gjeofizik inxhinerik i rezervuarit te Vunoit, Vlore". Grupi i 
studimit te rezervuareve ne zonat karstike prane Keshillit te Ministrave te RSH, 
(bashkeautor - drejtues studimeve). 

"Rezultatet eksperimentale te punimeve elektrometrike per studimin e rezervuarit te 
Zagores". Grupi i studimit te rezervuareve ne zonat karstike prane Keshillit te 
Ministrave te RSH, (bashkeautor - drejtues studimeve) 

'Rezultatet e studimit gjeologo-gjeofizik inxhinerik i rezervuarit te Zagores". Grupi i 
studimit te rezervuareve ne zonat karstike prane Keshillit te Ministrave te RSH, 
(bashkeautor - drejtues studimeve). 

'Rezultatet e punimeve elektrometrike per studimin e rezervuarit te Zagores". Grupi i 
studimit te rezervuareve ne zonat karstike prane Keshillit te Ministrave te RSH, 
(bashkeautor - drejtues studimeve). 

'Rezultatet e studimit gjeologo-gjeofizik inxhinerik i rezervuarit te Policanit". Grupi i 
studimit te rezervuareve ne zonat karstike prane Keshillit te Ministrave te RSH, 
(bashkeautor - drejtues studimeve). 

"Pu nim e pergjithesuese metodiko-eksperimentale gjeologo-gjeofizike per studimin e 
rezervuarit ne zonen karstike te Gruemires". Grupi i studimit te rezervuareve ne 
zonat karstike prane Keshillit te Ministrave te RSH, (bashkeautor - drejtues 
studimeve). 

"Pergjithesim i rezultateve te punimeve gjeologo-gjeofizike inxhinerine ne zonat 
karstike". Fondi i Institutit te Bonifikimit, (bashkeautor - drejtues punimesh). 

"Rilevemi kompleks gjeokimik (gazor, luminishento-bituminologjike, 
radiogjeokimik), elektrokimik, magnetometrik, me mbulim sheshor shkalla 1 :25000, 
rajoni Ballsh Hekal". Fondi i Institutit Gjeologjik te Naftes Fier, (bashkeautor - 
drejtues i punimeve gjeoelektrike). 

"Studim eksperimental i fiishes magnetike te Tokes ne rajonin e Ballshit per kerkimin 
e drejteperdrejte te shtratimeve te naftes dhe gazit". Fondi i Institutit Gjeologjik te 
Naftes Fier, (bashkeautor - drejtues i punimeve gjeoelektrike). 

"Ndertimi gjeokimik dhe nafte-gaz mbajtja e Adriatikut". Fondi i Institutit 
Gjeologjik te Naftes Fier, (bashkeautor). 

"Relacion argumentues per shpimin e puseve Dr- 19 ne vaxhdim te detyres Dr-8 
(b,c)". Fondi i Institutit Gjeologjik te Naftes Fier, (bashkeautor). 

"Ndertimi gjeolog-strukturor i zones se shelfit ne detin Adriatik deri ne gjirin e Bunes 
(perfshi dhe ishullin e Sazanit), mbeshtetur ne punimet gjeologo-gjeofizike 
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komplekse. Fondi i Institutit Gjeologjik te Naftes Fier, (bashkeautor). 

17. 1988 "Relacion i punimeve elektrometrike me metoden e sondimeve elektrike per rajonin 

Kepi i Palles". Durres. Fondi iNKGJGN Fier, (bashkeautor - drejtues studimi). 

18. 1988 "Relacion mbi rezultatin e punimeve gjeofizike te kryera ne rajonin Kostenje- 

Okshtun-Shpuze. Tirane, Fondi i NKGJGN Fier, (bashkeautor). 

19. 1993. Atlasi Gjeotermik i zones strukturalo-faciale Jonike dhe i Ultesires Pranadriatike, ku 

ndodhen vendburimet e naftes dhe te gazit ne Shqiperi. Tirane, dhjetor 1999, ( 
Drejtues Projekti). 

20. 1995 . Atlasi Gjeotermik i Albanideve, Tirane nentor 1995, (Drejtues Poejekti). 

21. 1995 Raport Perftmdimtar mbi rezultatet e studimeve paleomagnetike ne Shqiperi., Dhjetor 

1995, (Drejtues Projekti). 

22. 1995 Raport mbi rezultatet e studimit te vetive magnetike te ofioliteve. Nentor 1995,( 

Drejtues Pprojekti). 

23. 1995 Veshtrim Paleomagnetik mbi gjeodinamiken e Albanideve. Dhjetor 1995, (Drejtues 

Projekti_. 

24. 1996 Atlas of Geothermal resources of the Republic of Albania. February 1996, (Drejtues 

Projekti) 

25. 1996 Relacion mbi gjendjen e diges se Ragamit dhe te Rreshqitjes ne bregun e liqenit te 

hidrocentralit te Vaut te Dejes ne Ragam. Tirane, shtator 1996, (Drejtues kerkimi). 

26. 1997 Relacion mbi rezultatet e punimeve komplekse gjeofizike te kryera ne rreshqitjen e 

Poraves, e ndodhur prave H/Centralit te Fierzes. Tirane, Mars 1997, (Drejtues 
Projekti). 

27. 1998. Frasheri A., Nishani P., Kapllani L, Hoxha P., Canga B., Xinxo E., Dima F., 

Xhemalaj Xh., 1998. Studim mbi gjendjen fiziko-mekanike te veprave 
hidroteknike dhe te mjedisit gjeologjik perreth. Tirane, Dhjetor 1998, (Drejtues 
Projekti). 

28. 2000 Pano N., Frasheri A. Rising public awareness for halting anthropogenic damages 

to the Micro Prespa Lake. June, 2000. UNDP-GEF SGP, Tirana. (Bashkedrejtues 
Projekti). 

29. Frasheri A. 2001. Geologjia e Basenit te Lumit Vjosa. Ne kuadrin e Projektit “ 

Mbrojtja, administrimi dhe emergjenca i rrjetit natyror i tre tipeve te tre 
ekosistemeve fqinje te ndryshme: Laguna e Nartes, Lumi Vjosa, ekosistemi 
pyjor i ishullit tw Zvemecit dhe Parkut Kombetar te Llogarase”. Programi 
Mjedisor “Fryma”-Fondacioni “Fryma e dashurise”. 

30. Frasheri A., Pano N., Bushati S., Malasi E. 2003. Projekt ide mbi shfrytezimin integral 

dhe kaskade te energjise se ujerave gjeotermale ne Shqiperi”, Programi 
UNDP-GEF SGP, Tirana. 

31. Frasheri A., Pano N., Bushati S., £ELA B., Islami B., Projekt ide mbi perdorimin e 

energjise gjeotermale per ngrohjen dhe freskimin e serave, Programi UNDP- 
GEF SGP, Tirana. 

32. Frasheri A., Simaku Gj., Pano N., Bushati S., Frasheri S. 2003. Projekt ide mbi 

shfrytezimin energjise gjeotermale per ngrohjen dhe freskimin e banesave”, 
Programi UNDP-GEF SGP, Tirana. 
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33. Frasheri A., Li 90 R., Bakalli F, Frasheri F?., Pano N., Bushati S., £ela B., Prenjasi E., 

Haska H., Qanga B., 2004. Projekt " Atlasi i Burimeve Gjeotermale ne 
Shqiperi”, Programi Kombetar per Kerkim e Zhvillim, Pasurite Natyrore 2003- 
2005, Akademia e Shkencave, Fakulteti i Gjeologjise dhe i Minierave. 

34. Pano N., Prifti V., Frasheri A. etj. 2006. Projekti “Hidrologjia e Shqiperise” Programi 

Kombetar per Kerkim e Zhvillim, Pasurite Natyrore 2003-2005, Akadmemia e 
Shkencave, Fakulteti i Gjeologjise dhe i Minierave. 

35. Frasheri A. 2008. Burimet e energjise gjeotermale ne Shqiperi dhe platforme per 

perdorimin e tyre. (Pjesa I). Programi Kombetar per Kerkim e Zhvillim, Uji 
dhe Energjia, 2007-2009. 

36. Frasheri A., Kodhelaj N., 2009. Platforme per energjine gjeotermale ne Shqiperi, (Pjesa 

2), Skenaret e shfrytezimit te energjise gjeotermale ne te gjithe burimet dhe 
puset e ujerave termominerale ne Shqiperi. Programi Kombetar per Kerkim e 
Zhvillim, Uji dhe Energjia, 2007-2009. 


B. TE EMERTESES SE DIKASTER1T DHE TE SHKOLLES SE LARTE 

(PREJTUES STUDIMI) 


1. 1964 "Raport mbi punime tematiko-shkencore per kerkimin e kromiteve me metoden e 

potencialeve te polarizimit te provokuar ne rajonin e Kukesit gjate vitit 1963". 
Fondi i Gjeologjise, (bashkeautor) 

2. 1964 "Raport mbi rezultatet e punimeve tematiko-eksperimentale, gjeofizike me metoden e 

sondimeve elektrike vertikale ne basenin e lumit Mat, Fan i Madh dhe Fan i Vogel 
gjate vitit 1963". Fondi i Gjeologjise, (bashkeautor). 

3. 1964 "Rezultat i punimeve tematiko-shkencore me metoden e sondimeve elektrike vertikale 

ne basenin e lumit Mat, Fan i Vogel dhe Zmeje gjate vitit 1964". Fondi i 
Gjeologjise. 

4. 1965 "Perdorimi i metodave gjeofizike per kerkimin e shkriferimeve te mineraleve te rende, 

te ralle ne RSH ne vitin 1960-1962". Fondi i Gjeologjise, (bashkeautor). 

5. 1966 "Perdorimi i metodave gjeofizike per kerkimin e shkriferimeve te mineraleve te 

rende". Sektori i elementeve te rende dhe te rralle U.SH.T., (bashkeautor). 

6 . 1966 "Disa te dhena paraprake per perdorimin e mikrorilevemit magnetometrik ne ndihme 

te rilevimit gjeologo-strukturor ne shkembinjte ultrabazike". Fondi i Gjeologjise. 

7. 1968 "Studim mbi mundesine e perdorimit te mikrorilevemit magnetometrik ne ndihme te 

rilevimit gjeologo-strukturor ne rajonet e ndertuara nga shkembinjte magnetike". 
Fondi i Gjeologjise, (bashkeautor). 

8 . 1966 "Perdorimi i metodave elektrometrike per studimin e bazamentit te shtratimeve te 

lumejve qe vendosen mbi shkembinj sedimentare, ne rajonet e Kervajes dhe Urakes, 
ne vitin 1965". Fondi i Gjeologjise, (bashkeautor). 

9. 1968 "Raport mbi rezultatet e punimeve magnetometrike eksperimentale ne V.B. e asbestit 

ne Kodren e Buces ne Puke, te kryera ne vitin 1967". Fondi i Gjeologjise, 
(bashkeautor). 


10. 1973 "Raport mbi rezultatet e punimeve eksperimentale gjeofizike per kerkimin e trupave 
te mineralizuar te kromit te kryera ne rajonin e Cerrujes (Studenti), Selishte Jugore 
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dhe Selishte Veriore gjate vitit 19 ^^Fondi Qendror i Gjeologjise, (bashkeautor). 

11. 1976 "Relacion mbi rezultatet e punimeve eksperimentale elektrometrike ne cektinen e 

Bishtit te Palles". Fondi i Institute Gjeologjik te Naftes Fier, (bashkeautor). 

12. 1982 "Pergjithesimi gjeologo-gjeofizik dhe nafte-gaz mbajtja e rajonit te Amonice-Plloce- 

Haderaj". Fondi i Institutit Gjeologjik te Naftes Fier, (bashkeautor). 

13. 1982 "Pergjithesimi gjeologo-gjeofizik i veriut te Amonices". Fondi i Institutit Gjeologjik 

te Naftes Fier, (bashkeautor). 

14. 1982 "Relacion mbi rezultatet e punimeve eksperimentale elektrometrike ne Kalane e 

Margellemit dhe perpjekjet per perdorimin e metodave gjeofizike ne kerkimet 
arkeologjike ne vendin tone". Fondi i Ndermarjes Gjeologjike Tirane, 
(bashkeautor). 

15. 1986 "Studim mbi rruget e rritjes se thellesise se kerkimit te metodave gjeofizike". Fondi i 

Ndermaijes Gjeologjike Tirane, (bashkeautor). 

16. 1986 "Mbi mundesite e perdorimit te metodikes se SVE dhe FEN ne kushtet e ndertimit 

gjeologjik te vendit tone". Fondi i NKGJGN Fier, (bashkeautor). 

17. 1988 "Mbi mundesine e rritjes se thellesise se kerkimit me metodat gjeofizike". Veil. 2 

(Algoritme dhe programe). Fondi i Ndermarjes Gjeologjike Tirane, (bashkeautor). 

18. 1988 "Algoritmet dhe programet ELETRON 2 dhe ELETRON A". Fondi i INIMA, 

(bashkeautor). 

19. 1989 "Pergjithesimi gjeoelektrik i rezultateve te punimeve elektrometrike detare ne rajonin 

Kryevidh-Durres-Kepi i Palles, lidhur me ecurime e kerkimit te gazit pas shpimit te 
pusit Dr-15". Fondi i NKGJGN Fier, (bashkeautor - drejtues i studimeve 
gjeoelektrike). 

20. 1989 "Pergjithesimi gjeologo-gjeofizik-gjeokimik te rajonit te Okshtunit dhe perspektiva 

nafte-gaz mbajtese dhe e mineraleve te tjera te debishem". Fondi i Institutit 
Gjeologjik te Naftes Fier, (bashkeautor - drejtues i studimeve gjeoelektrike). 

21. 1989 "Studim mbi rruget e rritjes se thellesise se kerkimeve gjeofizike te V.B. te 

mineraleve te dobishem te ngurte". Fondi Qendror i Gjeologjise, (bashkeautor). 


C. STUDIME MBI ZHVILLIMIN E GJEOFIZIKES NE REPUBLIKEN E 


)IPERISE 


1. 1963 "Relacion mbi punimet gjeofizike per kerkimin e xeheroreve te kryera ne Republiken 

e Shqiperise dhe zhvillimi i tyre ne teardhmen". Fondi i fakultetit Gjeologji dhe 
Miniera, (bashkeautor). 

2. 1983 "Kerkimi i derjteperdrejte i V.B. te naftes dhe gazit me metoda gjeofizike". Fondi i 

Institutit Gjeologjik te Naftes Fier, (bashkeautor). 

3. 1977 "Mbi studimin e shelfit detar te Adriatikut". Fondi i Institutit Gjeologjik te Naftes 

Fier, (bashkeautor). 

4. 1981 "Studim mbi gjendjen e elektrometrise dhe zhvillimin e saj ne te ardhmen per 

kerkimin e naftes dhe te gazit". Fondi i NKGJGN Fier. 

5. 1982 "Studim mbi gjendjen dhe zhvillimin e gjeofizikes xeherore ne vendin tone, rruget dhe 

masat qe duhen marre per zgjerimin dhe thellimine saj, ne perputhje me detyrat qe 
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shtrohen per kerkim-zbulimin e mineraleve te dobishme te ngurta". Aparati i 
Keshillit te Ministrave te RSH. Fondi i Ndermarjes Gjeologjike Tirane, 
(bashkeautor). 

6. 1983 "Studim per nivelin shkencor te metodave gjeofizike ne kerkimin enaftes dhe te gazit. 

Rruget dhe masat qe duhen marre per rritjen e tyre ne te ardhmen". Komiteti i 
Shkencave prane Keshillit te Ministrave te RSH, (bashkeautor). 

7. 1984 "Studim mbi zgjerimin e kompleksit gjeologo-gjeofizik me metodat per kerkimin e 

drejteperdrejte te V.B. te naftes e gazit ne pjesen qendrore te zones tektonike Kruja". 
Fondi i fakultetit Gjeologji dhe Miniera, (bashkeautor). 

8. 1984. Mbi zgjerimin e komplesit gjeologo-gjeofizik me metodat perkerkimin e 

drejtperdrejte te naftes dhe gazit ne pjesen qendrore te zones tektonike Kruja. 
Fondi i Institutit Gjeologjik te Naftes dhe Gazit, Fier, (Bashkautor). 


I). STUDIME MBI PERSPEKTIVEN E KERKIMIT TE VENDBURIMEVE TE 

MINERALEVE TE DOBISHME 


1. F. Diamanti, A. Frasheri, S. Osmani Korrik 1993 "Burimet hidrokarbure te Shqiperise. 

Gjendja e Kerkimit dhe e nxjerrjes se tyre. Rekomandime per te ardhmen". Studim 
sipas kerkeses se Presidences se Republikes se Shqiperise. 


E. RAPORTE MBI REZULTATET E PUNIMEVE GJEOFIZIKE TE PRODHIMIT 

(DREJTUES PUNIMESH) 


1. 1962 "Raport mbi rezultatet e punimeve elektrometrike dhe magnetometrike ne rajonin e 

Kukesit dhe te Mirdites gjate vitit 1961". Fondi i Gjeologjise, (bashkeautor). 

2. 1963 "Raport mbi rezultatet e punimeve gjeofizike ne rajonin e Kukesit dhe te Mirdites 

gjate vitit 1962". Fondi i Gjeologjise, (bashkeautor). 

3. 1963 "Relacion mbi rezultatin e punimeve elektrometrike ne piken e mineralizuar te Thirres 

ne vitin 1963". Fondi i NSHGJ Topografike, Tirane. 

4. 1963 "Relacion mbi rezultatin e punimeve gjeofizike ne shkriferimet e rajonit Seman-Vjose, 

gjate vitit 1962". Fondi i Gjeologjise. 

5. 1969 "Raport i rilevimit magnetometrik per kerkimin e asbestit ne V.B. e asbestit Puke, te 

kryera per vitet 1967-68". Fondi i Gjeologjise, (bashkeautor). 

6. 1982 "Relacion mbi rezultatin e sondimeve elektrike ne rajonin e Dumrese". Fondi i 

NKGJGN Fier, (bashkeautor). 

7. 1984 "Relacion mbi rezultatin e sondimeve elektrike ne rajonin detar te Vjose-Poro". Fondi 

i NKGJGN Fier, (bashkeautor). 


VII. PROJEKTE 


1. 1960 "Projekt i punimeve fushore i grupit tematik te rerave per vitin 1960". Arshiva e 
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fakultetit Gjeologji dhe Miniera, (bashkeautor). 

2. 1962 "Projekt per punimet gjeofizike per vitin 1962 

a) ekipi i elektrometrise 

b) ekipi i magnetometrise 

Fondi i Gjeologjise, (bashkeautor - drejtues projekti). 

3. 1964 "Projekt mbi zhvillimin e punimeve tematiko-shkencore elektrometrike me metoden e 

sondimeve elektrike vertikale ne basenin e lumit Mat, Fan i Madh dhe Zmeje, ne 
vitin 1964". Fondi i fakultetit Gjeologji dhe Miniera, drejtues projekti. 

4. 1965 "Projekt mbi punimet fushore eksperimentale, tematiko-s hk encore gjeofizike ne 

rajonin e Burrelit etj, ne vitin 1965". Fondi i fakultetit Gjeologji dhe Miniera, 
(bashkeautor - drejtues projekti). 

5. 1973 "Program per kryerjen e ciklit eksperimental te punimeve elektrometrike detare ne 

cektinen e Bishtit te Pall-es". Fondi i Ndermarjes Gjeologjike Tirane, (bashkeautor 
- drejtues projekti). 

6. 1976 "Projekt per zhvillimin e punimeve eksperimentale prodhimtare te cektines detare te 

rajonit Durres-Bisht i Palles 1976-77". Fondi i NKGJGN Fier, drejtues projekti. 

7. 1976 "Program per kryerjen e punimeve eksperimental elektrometrike per kerkimin e 

metaleve te cmuara ne Gjazuj, gjate vitit 1976". Fondi i Ndermaijes Gjeologjike 
Tirane, (bashkeautor - drejtues projekti). 

8. 1977 "Projekt per ndertimin e stacionit te sondimeve elektrike vertikave detare". Fondi i 

Ndermaijes Gjeologjike Tirane, (bashkeautor - drejtues projekti). 

9. 1978 "Projekt per vrojtimet eksperimentale elektrometrike dhe magnetometrike ne V.B. e 

Ballshit, ne vitin 1978". Fondi i Ndermaijes Gjeologjike Tirane, (bashkeautor - 
drejtues projekti). 

10. 1979 "Projekt i punimeve eksperimentale metodike sheshore per kerkimin e drejteperdrejte 

te shtratimeve te naftes e te gazit (rilevimi gazor, luminishento-bituminologjik, 
radioaktivo-gjeokimik, magnetometrik, elektrometrik) ne V.B. e Ballshit". Fier. 
Fondi i Institutit Gjeologjik te Naftes Fier, (bashkeautor - drejtues i pjeses 
gjeofizike). 

11. 1987 "Projekt per studimin gjeologo-gjeofizik te shelfit detar te Adriatikut per sqarimin e 

ndertimit gjeologo-gjeofizik dhe te nafte-gaz mbajtjes se trukturave me zhvillim ne 
toke e vazhdim ne det deri 5 km larg bregut". Fondi i NKGJGN Fier, (bashkeautor). 

12. 1989 "Projekt shtese per temen 'mbi mundesite e rritjes se thellesise se kerkimit me 

metodat gjeofizike". Fondi i fakultetit Gjeologji dhe Miniera, Fondi i Ndermarjes 
Gjeologjike Tirane, (bashkeautor - drejtues projekti). 

13. 1991 "Projekt per studimet paleomagnetike dhe gjeotermike ne Shqiperi". Programi 

Kombetar per Kerkim dhe Zhvillim, Gjeologjia. Fondi i Komitetit te Shkences 
dhe Teknologjise ( drejtues projekti). 

14. 1995 "Projekti per kontrollin in-situ i gjendjes se veprave hidroteknike ekzistuese dhe 

atyre ne ndertim, me anen e metodave gjeofizike". Programi Kombetar per 
Kerkim dhe Zhvillim, Gjeologjia. Sektori Shkencor i Ministrise se Burimeve 
Minerale dhe Energjetike. ( drejtues projekti). 

15. Pano N. , Frasheri A., 2000.” Sensibilizimi i opinionit 

shoqeror dhe publik per nderprerjen e shkaterrimveve antropogjene ne liqenin 
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e Prespes. Program i Granteve te^ogla te GEF (GEF/SGP)-UNDP. Bashkedrejtues 
Projekti. 

16. Lazaridou M., Pano N., Frasheri A. etj. 2002. “ Mbrojtja, administrimi dhe emergjenca i 

rrjetit natyror i tre tipeve te tre ekosistemeve fqinje te ndryshme: Laguna e 
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CURRICULUM VITAE 

Surname FRASHERI 

First Name Alfred 

Day of the birth : 20 April 1935 

Nationality Albanian 

Profession Geophysicists, Doctor of Sciences, Professor 

on Geophysics. 

Actual position 

1) Part time Professor in the Section of the Geophysics, Faculty 1 
of Geology and Mining, Polytechnic University of Tirana 
(1998- up to present). Responsible for university courses: 

“Physics of Earth” 5th year of Geophysical Branch 

“Physics of Earth” in the framework of the Course “Geodynamics”, 4th year of 
Geological Branch. 

“Geothermy” 5th year of Geophysical Branch. 

2) Retired from 1.12.1998. 

3) Member of the “ALBANIAN GEOPHYSICAL SOCIETY”, Past Chairman. 

4) Member of the Executive Committee of the “ALBANIAN ASSOCIATION OF 
GEOSCIENTISTS AND ENGINEERS”, past Chairman. 

5) Honorary Member of European Association of Geoscientists and Engineers (EAGE). 

6) Honorary Member of Balkan Geophysical Society (BGS) 

Former appointments or occupations: 

1. Director of the Department of Earth Sciences (1994 - 1996). 

2. Director of Geological- Geophysical Department (1993-1994), 

3. Chairman of Chair of Geophysics (1992-1993), 

4. Lecturer (part time 1961-1962, full time 1962-1981), Ass. Prof.(1981-1989), Full Prof. 
(1998-1998), Faculty of Geology and Mining, Chair of Geophysics. 

5. Project Leader, Geophysical Team, Tirana Geological Enterprise (1961-1962). 

6. Student, Tirana University, Faculty of Geology and Mining, 1957-1961. 

7. Well-logging Technician, Well-logging Team, State Drilling Enterprise, Patos, Albania 
(1953-1957). 

8. Project leader of GEOTEC Shpk Tirana, Albania (1995-1997). 

5. Vice President and Director of Canadian-Albanian Joint Ventures “Karma Albanian 

Mining” Ltd and “Skenderbeg Mining Co. Ltd. (1996-1997 during Karma and 
Skenderbeg Co. in Albania). 

6. External (from Albania) Senior Geophysical Consultant of QUANTEC IP Inc., Toronto, 

Canada. (1992-2001). 

7. Part time responsible for the Summer Postgraduate “Quantec Geosciences Technological 

Training School”, Timmins, Canada (2000, 2001). 

Internet site Yahoo.com. and Google: www.”Alfred Frasheri” 
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Home address Rruga Durresit 

Pallati 7, Shk. 1., Ap. 6. 
Tirana/ Albania 
Tel, fax +355-4-225160 
Mob: +355 68 23 80 260 

E-mail : frasherialfred@y ahoo .com 


DIRECTUM QF SCIENTIFIC A CTIVITY 

1. Geothermal studies (Since 1989 up to present) 

2. Engineering geophysics ( Since 1982 up to present) 

3. Application of mathematical methods in data processing and interpretation of 

geophysical information with the aid of computers, compilation of algorithms and 
programs for these purpose (Since 1972) 

3. Experimentation and application of new geophysical methods, like that of Induced 

Polarization (1962), and that of magnetic micro-survey (1967) in the exploration 
of copper and chrome ores. 

4. Extension of the application field of the geophysical methods in the search for 

chrome, copper, asbestos, bauxite, placer of heavy, rare and precious minerals, in 
the study of geological engineering and hydrogeology; the application of Self- 
potential method in direct exploration of oil and gas reservoirs, application of 
marine geoelectrical methods (Since 1961) 

5 Regional geophysical studies (Since 1961) 

MEMBER OF DIFFERENT FORUMS 


2006. 

2004. 

1999- 2001 

1989-1999 

1992-2000 

1993 
1991 

1994 

1995 

1993 - 1997 
1992-1996 

1989- 1996 

1992-1995 

1991-1992 

1990- 1991 


Expert of BALWOIS Program Expert (Water Observation and 
Information System for Balkan Countries) (www.Balwois). 

Expert of European DataBank Sustainable Development (EUDB) 
Member of Executive Committee of Albanian Association of 
Geoscientists and Engineers 

Chairman of Albanian Association of Geoscientists and Engineers 
Chairman of Albanian Geophysical Society 
Honorary Member of the Balkan Geophysical Society. 

Honorary Member of the European Association of Geoscientists and 
Engineers (E.A.G.E.). 

Member of Society of Exploration Geophysicists (S.E.G.) U.S.A., from 
2002- Global member 

Member of International Geothermal Association (IGA) 

Commission for Scientific Training at the Council of Ministers of 
Republic of Albania. 

Member of the Scientific Council of the Rectorate of Polytechnic 
University of Tirana. 

Scientific Council of Faculty of Geology and Mining, Polytechnic 
University of Tirana. 

Member of the Board of the Albanian TEMPUS Office. 

Member of the Committee of Science and Technology, Albania. 

Member of Scientific Council of the Rectorate of University of Tirana. 
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1989-1991 


1987-1991 


1975-1987 

1987-1991- 

1973-1983 


Member of High Commission of Postgraduate Qualification near the 
Council of Ministers of Republic of Albania (for approvals of scientific 
degrees and titles Ph.D., M.Sc., docent, professor). 

Member of the Jury of Ph.D. Thesis Maintenance for Geology and 
Geophysics in the Faculty of Geology and Mining, University of Tirana, 
Albania. 

Scientific Council of Geological Institute of Oil and Gas in Fier, Albania. 
Scientific Council, Petroleum Branch, Ministry of Industry and Mining. 
Member of Geophysical Section near the Academy of Sciences of 
Republic of Albania. 


CURRICUL UM SCIENTIFICO-A CADEMICO 


Title of Studies: Dip. Eng. Geologist in 1961, Faculty of Engineering, University of 

Tirana. 

Title of Thesis: 

a) 3 rt * cycle doctor (M.Sc) in 1974 with the thesis "Physical properties of chrome - 

spinele and ultrabasic rocks of Tropoja massif in relation with expected 
geophysical anomalies". 

b) Doc. of Science (PhD) in 1987 with the thesis "Investigation of electrical field 

scattering through heterogeneous geological media". Polytechnic University of 
Tirana, (in Albanian). 

Post-University Courses: "Signal Processing" in 1984 in University of Pau, France. 

Academic Titles: 

* Lecturer 2 in 1961 

* Lecturer 1 in 1968 

* Docent in 1981 

* Full Professor in 1989 
Studies visits ( 2-4 weeks): 

1992 University of Study of Bari, Italy 
University of Study of Milan, Italy 

Institute of Geology and Mineral Exploration of Athens, Greece. 

Geophysical Institute of Acad. Of Science, Prague. 

ELGI, Budapest, Hungary 
University of Budapest, Hungary 

1993 Geophysical Institute of Acad. Of Science, Prague 

1994 University of Leeds, UK 
University of Thessaloniki 

Geophysical Institute of Acad. Of Science, Prague 

1995 University of Thessaloniki 
University of Study of Milan, Italy 
Geophysical Institute of Acad. Of Sciences, Prague 

1996 Imperial College, Royal School of Mines, London, UK 
Institute of Geology and Mineral exploration of Athens, Greece. 

University of Ulster at Coleraine, Environmental School, UK. 

University of Thessaloniki. 

1997 PD AC 1997 Annual International Convention & Trade Show, 
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March 9-12,1997 , Toronto, Canada and Quantec Inc., March 12-25 1995, 
Downwater, Canada. 

1998 . Invited lecturer in the Summer School: Geothermal Days, Oregon Institute of 
Technology, Klamath Falls. 

1999 . Invited lecturer in the Summer School: Geothermal days, Ohrid, Macedonia. 

2000 Invited lecturer in the Post-graduate Summer School of QUANTECGEOSCIENCE 
Inc. Toronto, Canada, Korrik-Gusht 2000. 

a) Preparation of Teaching Plan of the School 

b) Preparation of the Program of “Theoretical basis of the applied geophysics” 

c) Lectures of the course “Theoretical basis of the applied geophysics” 

2004 . Invited lecturer in the Summer School: Geothermal days, Zakopane, Poland. 

2006 . Invited lecturer in the Summer School: international Summer School of Geothermal 
Exploration-prospecting-reservoir engineering- monitoring, 28 may - 11 June 2006 
Izmir/Turkey 

LICENSES, P.E. ( Licensed Professional Engineer) in Albania 
Licensed Commercial Pilot. 

Languages : Albanian (native language) 

French(well) 

Russian(fluently) 

English (well) 

Italian (sufficiently) 


BOOKS 

1. Frasheri A. 1964. Well logging University of Tirana. Publishing House (in Albanian). 

2. Lubonja L., Frasheri A. 1965 Induced Polarization method and its application for 

sulphide ore exploration. University of Tirana Publishing House (in Albanian). 

3. Frasheri A., Papa K., Lico R., Mucko S. 1970. Well logging. University of Tirana 

Publishing House (in Albanian). 

4. Frasheri A. 1970, re-edition 1973, 1984. Some measuring instruments for direct current 

Electrical Prospecting. University of Tirana Publishing House (in Albanian). 

5. Frasheri A., Lubonja L., Arapi S., Avxhiu R., Dhrami Y., Kociaj S. 1971, re-edition 1976, 

1981, 1988. Geophysical Prospecting Methods, parts I, II, III, IV. University of 
Tirana Publishing House (in Albanian). 

6. Frasheri A., Aliaj Sh., Sulstarova E., Avxhiu R. 1971. The application of geophysical 

methods in solution of geological problems. University of Tirana Publishing 
House (in Albanian). 

7. Frasheri A., Avxhiu R., 1973. Addendum information for problems of Electrical 

Prospecting (electrical properties of ores and rocks, Induced Polarization method). 
University of Tirana Publishing House (in Albanian). 

8. Frasheri A., Beqiraj G., Tole Dh., Cani I., Frasheri N. Alikaj P. 1985. Electrical 

Prospecting (Exercises). University of Tirana Publishing House (in Albanian). 

9. Frasheri A. Avxhiu R., Malaveci M., Alikaj P., Leci V., Gjevreku Dh. 1986. Electrical 

Prospecting. University of Tirana Publishing House (in Albanian). 

10. Frasheri A. 1990 Mining Geophysics. University of Tirana Publishing House (in 

Albanian). 

11. Frasheri A. 2005. Engineering and Environmental Geophysics. Published by Faculty of 

Geology and Mining, Polytechnic University of Tirana. 
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12. Frasheri A., Frasheri N., 2008. Frasheri in the history of Albania. (In Albanian). Publ. Hous 

Dudaj, Tirana. 

13. Frasheri A., Bushati S., Nishani P., Li 90 R. 2008. Albanian Geophysics in the years. Tirana. 

14. Frasheri A., Mati A. , Mati T., 2011. Earth Sciences. Text book for Secondary Schools, New 

Publishin House of Text Books ShBLShR, Tirana. 

15. Frasheri A., 2012. Geomonuments qe tregojne historine e Tokes Shqiptare” (Geomonuments 

who tell the story of Albanian Earth” (In Albanian, Extended abstracts in English). 
New Publishing House of Text Books ShBLShR,, Tirana. 

16. Frasheri A., 2012. Engineering and Environmental Geophysics. Second edition, Published 

by Faculty of Geology and Mining, Polytechnic University of Tirana. GOOGLE, 
Gjeofizika, Libri Gjeofizika Inxhinierike. 

17. Frasheri A., Frasheri N., 2012. Frasheri in the history of Albania. (In Albanian). Publ. Hous 

of Text Books ShBLShR,, Tirana. 

18. Frasheri Albert., Frasheri Alfred, 2014. " Albanian National Renaissance -Studies for 

National Renaissance Ideas. Publ. Hous of Text Books ShBLShR,, Tirana. 

19. Frasheri A., 2015. “Reflections and troubles , which I did not close them in the drawer. 

Publ. Hous of Text Books ShBLShR,, Tirana. Digital format: 
https://archive.org/details/MendimetDheShqetesimetNuklMbyllaNeSirtarALfredFrasheri 

20. Frasheri A., 2015. Geophysical studies and research, 1961-2015. Digital format. 
https://archive.org/download/FrasheriASTUDIMEDHEKERKIMEGJEOFIZIKE19612014OPTIM/Fra 
sheri%20A%20-%20STUDIME%20DHE%20KERKIME%20GJEOFIZIKE%20%201961- 

20 1 4%20%200PTIM.pdf 

21. Frasheri A., 2015. Tomori, mountain that we Albanians call dad. Digital format. 
https://archive.org/download/AFrasheriTOMORI/A%20Frasheri%20TOMORI.pdf 

22. Beqiraj G., Frasheri N., Frasheri A., Bushati S. 2016. Use of Mathematical methods and 

computing science on solving of geophysical problem during the yearths in Albania. 
Publishing by Academy of Sciences of Albania. In press. Tirana, 2016. 

23. Papic Peter (Editor), 2015. Mineral and termal waters of Southeastern Europe 
(Environmental Earth Sciences)- Albania (R. Eftimi & A. Frasheri, autors). Springer, 2015 


MONOGRAPH I ES 

1. Frasheri A., 1974. Physical properties of chrome-spine and ultrabasic rocks of Tropoja 

massif in relation with expected geophysical anomalies. M.Sc Thesis, University 
of Tirana (in Albanian). 

2. Konomi N., Frasheri A., Mucko M., Kapllani L., Bushati S., Dhrami L. 1985. Karst and 

its study by means of geophysical methods. University of Tirana Publishing 
House (in Albanian). 

3. Frasheri A., 1987. Investigation of electrical field scattering through heterogeneous 

geological media. Doc. of Sc Thesis, University of Tirana (in Albanian). 

4. Frasheri A., 1992. Albania, Geothermal Atlas of Europe. Germany, International Heat 

Commision. 

5. Pumo E., Frasheri A., Tashko A., 1993 Some problems in the geophysical and geochemical 

exploration for chrome and copper ore deposits in Albania. University of Tirana 
Publishing House, (In Albanian). 
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6. Frasheri A., £ermak V., Kapedani N., Li 9 o R., £anga B., Jareci E., Kresl M., Safanda J., 

Kucerova L., Shtulc P., 1995. Geothermal Atlas of Albania. 

7. Frasheri A., £ermak V., Kapedani N., Li 90 R., £anga B., Jareci E., Kresl M., £ano D.., 

Kucerova L., Shtulc P., 1994. Geothermal Atlas of External Albanides. 

8. Frasheri A., Cermak V., Li 9 o R., Kapedani N., Bakalli F., Halimi H., VokopOla E., Malasi 

E. Canga B., Jareci E., Safanda J., Kresl M., Kucerova L., Stulc P. 1996. 
Geothermal resources of Albania. Atlas of Geothermal Resources of Europe, 2002. 
( in English), European Commission. 

9. Frasheri A., Nishani P., Kapllani L, Hoxha P., Canga B., Xinxo E., Dima F., Xhemalaj Xh., 

1998. Study of the physical-mechanical status of hydrotechnical constructions and 
surrounding geological medium. 

10. Frasheri A., 2000. Geothermal energy in Europe, State of the Art and necessary actions 

and measures to accelerate the development.- Albania. IGA & EGEO 
Questionaire 2000. 

11. Frasheri A., Cermak. V., Doracaj M., Lico R., Safanda J., Bakalli F., Kresl M., Kapedani N., 

Stulc P, Malasi E., Qanga B., Vokopola E., Halimi H., Kucerova L., Jareci E., 
2004. Atlas of Geothermal Resources in Albania. Published by Facylty of Geology 
and Mining, Polytechnic University of Tirana and Academy of Sciences of Albania. 

12. Frasheri A., Beqiraj G., Frasheri N. 2008. A review on geophysical exploration of copper 

and chromite deposits in Albania. Academy of Sciences Publication, Tirana. 

13. Frasheri A., Londo A., A.Shtjefni, Qela B., Kodhelaj N., Pano N., Alushaj R., Bushati S., 

Thodhorjani S., 2008. Geothermal space heating/cooling systems. Polytechnic 
University of Tirana. 

14. Bushati S., Frasheri A., Nishani P., Silo V., 2008. Slope stability evaluation and 

landslideinvestigation and monitoring using geophysical data. A Monograph, 
Academy of Sciences of Albania. 

15. Frasheri A., Londo A., A.Shtjefni, Qela B., Kodhelaj N., Pano N., Alushaj R., Bushati S., 

Thodhorjani S., 2008. Sistemet gjeotermale te ngrohjes dhe freskimit te godinave. 
Monografi, Botim i Fakultetit te Gjeologjise dhe te Minierave, Fakultetit te 
Inxhinierise Mekanike, Universiteti Politeknik i Tiranes, Shtypshkronja KLEAN, 
Tirane. 

16. Frasheri A., Kodhelaj N., 2010. Geothermal energy resources in Albania and platform for 

their use. Monograph. Published by Faculty of Geology and Mining, Polytechnic 
University of Tirana, Shtypshkronja KLEAN, Tirana. 

17. Frasheri A., et al. 2013. Geothermal Atlas of Albania and platform for use of Earth’s 

Heat”. Published by Academy of Sciences of Albania, and Faculty of Geology and 
Mining. Shtypshkronja Kristalina KH, Tirana. Librit Shkollor e Re, Shtypur ne 
PRINT AL, Tirana, 2016. 

18. R. Eftimi, A. Frasheri, 2016. Thermal and Mineral waters of Albania. (In Albanian). 

Publishing House of New Scholar Books, PRINT AL, Tirana, 2016. 


PAPERS 

1. Frasheri A., 1963. The analysis of physical-chemical processes which generate the self 
potential anomalies in the Mirdita and Kukesi district. Bulletin of University of 
Tirana, Series of Natural Sciences No. 3, 123-36, (in Albanian, summary in 
French). 
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2. Lubonja L. Frasheri A. 1966. Application of new geophysical methods in the exploration 

of chromite ore bodies in the Northern Albania. Geological studies 1978-1991, 
Faculty of Geology and Mining. University of Tirana Publishing House (in 
Albanian). 

3. Frasheri A. 1966. The influence of riverside slopes as well as of layer anisotropy to the 

electrical sounding. Bulletin of University of Tirana, Series of Natural Sciences 
No. 3, 39-47, (in Albanian, summary in French). 

4. Lubonja L., Frasheri A., Spiro A. 1967. The application of gravity and magnetic surveys in 

regional studies in Albania. Collection of Studies No. 7, 49-63, Institute of 
Studies and Research for Industry and Mines, Tirana, (in Albanian, summary in 
French). 

5. Frasheri A. 1968. Theoretical limits of gravity anomalies and the possibility of gravity 

survey for chromite exploration in ultrabasic massif of Tropoja. Collection of 
Studies No. 8, 39-57, Institute of Studies and Research for Industry and Mines, 
Tirana, (in Albanian, summary in French). 

6. Frasheri A., Vranaj A., Dhrami Y., Repaj Z. 1969. The first experimental results for the 

study on the possibility of magnetic microsurvey in aid of geological and 
structural mapping in ultrabasic massifs. Bulletin of University of Tirana, Series 
of Natural Sciences No. 3, 75-81, (in Albanian, summary in French). 

7. Frasheri A. Beqiraj G. Vejsiu Y. 1973. Two methods for geophysical data processing by 

computer. Collection of Studies No. 4, 83-96, Institute of Studies and Research 
for Industry and Mines, Tirana, (in Albanian, summary in French). 

8. Frasheri A., Zajmi A., Beqiraj G., Avxhiu R., Vejsiu Y. 1974. The interpretation of 

geophysical and geochemical data by the trend analysis. Bulletin of University of 
Tirana, Series of Natural Sciences No. 2, 25-33, (in Albanian, summary in 
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10. Frasheri A. 1998. Karst investigations in irrigation eservoir areas. Resources hydric of the 
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Albania. (Paper code A001). International Conference „Transfer of advanced 
technology-a bringe of our common road”, Tirana Polytechnic University, 
Tirana, 31 October 20 11 
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